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The  Russian  journal  was  prefaced  by  an  article  commorating  the  ninetieth  anniversary 
of  the  birth  of  V.  L  Lenin.  Since  the  article  does  not  in  any  way  deal  with  either  details  of 
chemical  research  or  even  its  historical  development,  it  has  been  omitted  from  the  translation. 


A  FLAME  SPECTROPHOTOMETER  ADAPTED  FOR  SPECTRA  RECORDING 
AND  ITS  APPLICATIONS 

N.  S.  Polu^ktov,  S.  B.  Popova,  and  L.  A.  Ovchar 

Odessa  Laboratory.  Institute  of  General  and  Inorganic  Chemistry,  Academy  of  Sciences,  Ukrainian  SSR 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15.  No.  2,  pp.  131-137. 

March -April,  1960 

Original  article  submitted  February  21,  1959 

A  flame  spectrophotometer  based  on  a  type  UM-2  monochromator  [1,  2]  or  on  an  apparatus  of  the  SF-4 
type  [3]  is  a  universal  apparatus,  which  permits  determination  of  a  large  number  of  metals  on  the  basis  of  the 
measurement  of  the  intensity  of  the  spectral  lines  of  elements  excited  in  the  flame.  When  low  concentrations 
of  elements  are  to  be  determined,  however,  difficulties  arise.  In  the  first  place,  the  flame  itself  serves  as  a 
source  of  background,  which  is  determined  by  the  excitation  of  radicals  and  OH,  CH.  and  C2  molecules.  As  a 
result  of  some  instability  in  the  background  of  the  flame,  it  essentially  limits  the  sensitivity  and  accuracy  of 
the  method}  on  working  with  the  flame  of  a  mixture  of  acetylene  and  air.  the  flame  background  is  of  significance 
for  determination  of  elements  whose  lines  are  found  in  the  400-600  mp  region;  in  the  red  and  infrared  this  back¬ 
ground  is  negligibly  small.  Secondly,  foreign  elements  present  in  the  test  solution  often  give  radiation,  the  spec¬ 
trum  of  which  consists  of  molecular  bands  or  is  continuous.  These  elements  include,  in  addition  to  the  alkaline 
earth  elements  and  the  rare  earths,  boron,  aluminum,  copper,  and  phosphorus,  the  following  elements  as  well  [4] 
Mo,  Nb,  U,  Zn  (continuous  radiation)  and  Be,  V,  Sn,  Te,  and  Ti  (band  spectrum).  The  radiation  of  the  foreign 
element  increases  the  photocurrent  and  leads  to  a  positive  error.  Finally,  the  spectral  line  of  the  test  element 
may  be  located  near  the  lines  of  the  foreign  element  present  insolution  (e.g..  the  lines  Mn  403.1,  403.3,  and 
403.4  mp  are  located  close  to  the  lines  K  404.4  and  404.7  mp;  and  the  line  Ca  422.7  mp  is  near  the  line  Sr 
421.6  mp,  etc.).  When  the  apparatus  does  not  have  sufficient  dispersive  power  and  wide  slits  are  used,  the  radia¬ 
tion  of  the  foreign  element,  when  the  latter  is  present  in  high  concentrations,  is  superimposed  on  the  radiation 
of  the  test  element,  so  that  high  results  are  obtained  for  the  latter. 

In  order  to  eliminate  errors  caused  by  radiation  from  foreign  elements,  it  is  usually  recommended  that  the 
background  be  measured  at  the  base  of  the  analytical  line,  and  that  this  value  be  subtracted  from  the  reading  of 
the  photocurrent  of  the  test  line.  Such  a  technique,  however,  does  not  yield  accurate  results  at  low  concentration 
of  the  test  element  and  high  concentrations  of  the  foreign  elements.  When  the  foreign  elements  have  complex 
molecular  spectra,  it  is  difficult,  in  general,  to  apply  corrections  for  the  background,  because  of  the  indeterminacy 
in  finding  the  exact  position  of  the  base  of  the  line,  and  the  inevitable  "dead  path"  of  the  drum  used  for  rotating 
the  monochromator  prism.  As  observations  have  shown,  the  effect  of  the  background  can  be  taken  into  account 
more  accurately  by  using  a  recording  spectrophotometer  in  which  the  spectra  are  scanned  [5.  61.  We  have  used 
an  apparatus  of  this  type  for  developing  a  method  of  determining  La,  Eu,  Yb,  and  Y  in  the  sum  of  the  rare  earth 
oxides  [7],  In  the  present  article  we  shall  dwell  further  on  some  other  instances  of  the  use  of  such  an  apparatus. 

Apparatus  and  Experimental  Technique.  A  flame  spectrophotometer  based  on  the  UM-2  type  of  universal 
monochromator,  and  described  earlier  [1,  2]  was  used;  to  this  instrument  was  added  a  mechanism  for  rotating  the 
prism  drum,  and  an  electronic  recording  potentiometer.  The  rotating  mechanism  is  shown  in  Fig.  1.  An  iron 
plate  1  is  fixed  to  the  base  of  the  monochromator  by  means  of  bolts,  a  motor  whose  rotor  turns  at  the  rate  of 
41. Ft  rps  was  fixed  onto  this  plate.  By  means  of  a  multistage  reducer  2  and  cog  4.  the  rotation  of  the  motor  axis 
was  transmitted  by  spindle  3,  arranged  on  the  drum  axis;  this  spindle  gave  one  turn  in  six  minutes  (5  min  46  sec) 
during  the  operation  of  the  motor.  A  bushing  provided  with  two  spindles  5  was  fitted  onto  spindle  3;  the  bushing 
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Fig.  1.  UM-2  tnonochromator  with  a  mechanism  for  rotating  the 
prism  drum. 


I5m 


Fig.  2.  Schematic  diagram  of  the  cathode  repeater. 

can  be  fixed  on  the  spindle  by  means  of  a  clamping  screw  6.  The  driving  spindles  fitted  into  an  ebonite  disc 
fixed  into  the  monochromator  drum;  when  the  bushing  is  fixed  on,  the  drum  rotates  with  spindle  3.  while  on  drop¬ 
ping  out  the  screw  6,  the  drum  is  disconnected  and  the  motor  does  not  rotate. 

The  anode  of  the  photomultiplier  was  connected  to  the  circuit  of  a  cathode  repeater  (Fig.  2),  the  output 
from  which  was  fed  to  the  input  of  an  electronic  recording  potentiometer  type  PS-1 -02,  for  which  the  time  of 
flight  of  the  pen  for  the  whole  scale  was  2. .5  sec. 

During  the  operation  of  the  apparatus,  the  recorder  pen  was  set  at  the  zero  of  the  scale  by  means  of  the 
potentiometer,  the  test  solution  was  then  introduced  into  the  flame,  and  the  spectrum  of  the  sample  recorded  in 
the  region  where  the  line  of  the  test  was  located.  For  the  chosen  slit  widths  of  0.1  or  O.O.S  mm,  the  time  in  the 
course  of  which  the  image  of  the  line  becomes  completely  visible  through  the  outlet  slit,  during  rotation  of  the 
drum,  is  8-9  seconds,  and,  since  the  recorder  pen  has  a  shorter  time  of  flight.  2  .5  sec  altogether,  the  value  of  the 
photocurrent  of  the  line  is  recorded  correctly.  It  is  best  that  the  outlet  slit  should  be  greater  than  the  inlet  slit, 
e  g.,  the  outlet  slit  should  be  0.1  mm  and  the  inlet  slit  0.0,5  mm;  in  such  a  case  the  light  from  the  image  of  the 
line  will  pass  out  of  the  slit  in  a  certain  time  interval  during  rotation  of  the  drum. 
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TABLE  1 


Deviations  during  Recording  of  the  Lithium  Line  in  the  Presence 
of  Sodium  (50  mg  NaCl/ml) 


After  recording  the  spectrum  of  the  test  sample,  the 
spectra  of  standard  solutions  or  of  solutions  of  the  test  sample 
to  which  known  amounts  of  test  element  have  been  added  are 
recorded,  and  the  content  of  the  element  determined  by  the 
comparison  method  or  by  the  method  of  additions.  In  the  ex¬ 
periments  described  below,  the  flame  of  a  mixture  of  acetylene 
and  air  was  used;  the  monochromator  slits  used  were:  inlet  slit 
0.05  mm  (slit  height  6  mm),  outlet  slit  0.1  mm.  Two  photo¬ 
multipliers  were  used:  F^U-19  for  working  with  elements  whose 
lines  are  located  in  the  viable  part  of  the  spectrum,  and  FEU -22 
for  working  in  the  infrared  (for  Rb  determinations). 

The  voltage  applied  to  the  photomultiplier  was  such  that 
the  line  being  measured  photometrically  gave  a  recording  several 
cm  long  or  the  maximum  possible.  The  paper  ribbon  moved  at 
the  rate  of  360  mm/hour  (6  mm/ min). 

The  experimental  accuracy  depends  on  the  ratio  of  the  values  of  the  background  and  the  recorded  peak  of 
the  line.  It  was  determined  for  lithium  by  successive  recordings  of  the  peaks  given  by  its  line  for  solutions  with 
varying  concentrations.  The  mean  values  of  the  measured  heights  of  the  line  were  taken,  and  the  deviation  from 
this  mean  calculated  in  individual  cases.  The  results  obtained  are  given  in  Table  1. 

As  is  evident  from  Table  1,  when  the  height  of  the  recorded  line  is  sufficient,  a  higher  experimental  accuracy 
can  be  achieved  than  is  possible  with  an  apparatus  in  which  galvanometer  readings  are  taken.  Thus  for  a  content 
of  5  jig  of  Li/ ml,  the  maximum  deviation  from  the  mean  is  \A%  while  the  minimum  deviation  Is  0.3fl/o;  at  the 
same  time,  the  normal  accuracy  for  visual  readings  is  2-4«7<'. 

Determination  of  Lithium  in  the  Presence  of  Predominating  Amounts  of  Sodium.  Such  a  determination 
may  be  of  importance,  for  example,  during  the  determination  of  traces  of  lithium  in  rock  or  natural  table  salt 
for  geochemical  work.  A  ^alt  solution  with  a  concentration  of  50  mg/ ml  was  prepared  and  the  spectrum  of  the 
sample  recorded  from  660  to  686  mp  (50  drum  divisions)  in  the  course  of  50  sec.  For  comparison  the  spectra  of 
standard  solutions  were  recorded;  these  solutions  contained  the  same  NaCl  concentration  while  Li  was  added  in 
various  amounts  to  give  concentrations  of  0,  0.1,  0.2,  0.5,  and  1  0  pg/ml.  Smokedglass  was  placed  in  front  of 
the  F]^U-19  photomultiplier  cathode  so  as  to  absorb  sodium  radiation  589.0-589.6  scattered  in  the  monochromator. 
The  voltage  applied  to  the  photomultiplier  was  such  that  a  solution  to  which  0.1  jjg  of  Li  had  been  added  per  ml 
gave  a  sodium  peak  of  about  1  cm  during  recording  of  the  lithium  peak. 

Examples  are  given  in  Fig.  3  of  the  spectra  obtained  and  of  the  method  of  determining  the  peak  height  of 
lithium.  As  is  evident  from  this  figure,  Li  can  be  determined  at  concentrations  as  low  as  0.1  ^g  of  Li/ml,  or 
0.0002<7pin  the  sample. 


Fig.  3.  Recording  of  the  Li  670.8  line 
1)  NaCl  solution,  50  mg/ ml,  free  from 
lithium;  2)  NaCl  solution,  50  mg/ ml  + 
+  0.1  Jig  Li/ ml;  3)  NaCl  solution,  50 
mg/ ml  +  0.2  lig  Li/ ml;  h  is  the  height 
of  the  lithium  peak. 
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Fig,  4.  Record  of  the  Rb  lines  780  and  794  m/i  in 
the  presence  of  potassium.  1,  2)  KCl  solution, 

0.1  mg/ ml  +  ,5  Jig  Rb/ml;  3)  KCl  solution,  0.5 
mg/ ml  +  5  Jig  Rb/ml;  4)  KCl  solution.  0.1  mg/  ml 
+  1  Jig  Rb/ml;  .5)  KCl  solution,  10  mg/ ml  +  1  jig 
Rb/ml;  6)  sample  of  sea  water;  7)  the  same  +  0,1 
Jig  Rb/ml;  a)  peak  for  line  Rb  780  Wfi;  b)  peak  for 
line  Rb  794 


Determination  of  Rubidium  in  the  Presence  of 
Potassium.  During  determination  of  rubidium  in 
natural  materials  (e.g.  in  the  ash  from  plants)  diffi¬ 
culties  may  arise  because  of  the  proximity  of  the 
potassium  lines  766.6-769.9  mji  to  the  rubidium  line 
794  mji;  it  was  of  interest,  accordingly,  to  establish 
the  minimum  amount  of  rubidium  that  can  be  deter¬ 
mined,  and  the  maximum  permissible  amount  of 
potassium.  The  FEU-22  was  used  and  the  spectrum 
was  recorded  in  the  region  775-803  mji.  As  is  evident 
from  Fig.  4,  in  which  are  given  some  of  the  spectrum 
recordings,  it  was  found  possible  to  determine  as  little 
as  1  Jig  of  Rb/ml  in  the  presence  of  10  mg  KCl/ ml; 
(O.Olfl/o  Rb  in  KCl).  At  lower  potassium  contents  it  was 
possible  to  detect  as  little  as  0.1  jig  Rb/ml.  Thus  it 
was  possible  to  determine  Rb  in  a  sample  of  sea  water 
containing  0.04  jig  Rb/ml  after  concentrating  it  by 
evaporating  the  sample  four  times;  before  carrying 
out  the  photometric  measurements,  8  ml  of  the  water 
which  had  been  concentrated  four  times  was  diluted  to 
10  ml  with  water  or  with  a  solution  of  a  rubidium  salt 
to  give  an  additional  concentration  of  0,1  or  0,2  jig 
Rb/ml  (Fig.  4). 

Determination  of  Calcium  Present  as  an  Impurity 
in  Strontium  Salts.  During  determination  of  calcium  on 


the  basis  of  its  422.7  mji  line  in  the  presence  of  strontium 
salts,  when  ordinary  photometric  techniques  are  used,  dif¬ 
ficulties  may  arise  as  a  result  of  the  presence  of  the  line 
of  ionized  strontium  at  421.6  mjj  [1].  The  record  of  the 

spectrum  on  the  recorder  permits  one  in  this  case  to  readily  evaluate  the  possible  error  arising  from  superposition 
of  the  strontium  radiation.  In  Fig.  5  are  shown  records  of  the  spectra  of  strontium  nitrate  solutions  in  the  region 
421-425  mji  without  and  with  additions  of  10  and  20  jig  Ca/ml.  The  salt  concentration  of  the  solution  was  20 
mg/ ml.  The  results  of  parallel  determinations  of  calcium  are  close  to  each  other,  and  calcium  added  to  the 
solution  (10  Jig/ ml)  was  determined  with  satisfactory  accuracy. 

TABLE  2 

Determination  of  Calcium  in  a  Solution  of  a  Strontium  Salt  by  the  Method  of  Additions 


Sample 

No. 

Ca  found  in  solution  in 
parallel^de^erminations. 

Mean 
value  of 
Ca, 
g/ml 

Ca 

added. 
Jig/ ml 

Total 

content 

”ig/ml 

Ca  found  in 
solution  with 
additions 

Jig/ ml 

Difference 

Jig/ ml 

1 

2 

3 

4 

1 

2 

7,34 

8,06 

7,15 

8,65 

7,37 

8,32 

8,18 

7.29 

8.30 

10 

10 

17,29 

18,3 

18,1 

17,9 

+0,8 

-0,4 

Determination  of  Calcium  in  Salts  of  the  Rare  Earths.  In  an  acetylene -air  flame  the  rare  earths  emit  radia¬ 
tion,  the  complex  molecular  spectrum  of  which  [7,  8]  complicates  the  determination  of  calcium  on  the  basis  of  the 
line  422.7  mji.  The  use  of  a  recording  of  the  spectrum  in  the  region  421-425  mjj  makes  it  possible  to  determine 
the  value  of  the  photocurrent  corresponding  to  the  calcium  radiation  more  accurately.  The  method  was  used  for 
die  analysis  of  yttrium  and  gadolinium  salts  (Fig.  6).  Solutions  containing  5-8  mg/ ml  of  the  salts  (carbonates 
were  dissolved  in  hydrochloric  acid),  and  also  solutions  of  the  salts  with  the  same  concentration  but  containing  ad¬ 
ditions  of  1-3  Jig  of  Ca/ml,  were  measured  photometrically.  The  height  of  the  peak  corresponding  to  addition  of 


1 


b 


a 


b 


lb 


Fig.  6.  Record  of  the  Ca  line  at  422.7 
□i/i  In  the  presence  of  yttrium  and 
gadolinium.  1)  Yttrium  salt,  sample 
No.  1,  5  mg/ ml;  2)  gadolinium  salt, 
sample  No.  2,  4  mg/ ml. 

1  Mg  Ca/ml  amounted  to  about  15  divisions  on  the  scale  of  the 
recorder  tape,  or  24  mm.  Results  of  parallel  determinations  of 
calcium  in  some  yttrium  and  gadolinium  salts  are  given  in 
Table  3. 


Determination  of  Strontium  in  Sea  Water.  Determin¬ 
ation  of  strontium  in  sea  water  is  important  from  the  viewpoint 
of  the  geochemistry  of  this  element  [9,  101  The  strontium  con¬ 
centration  of  water  can  amount  to  8  pg/ml.  A  method  has 
been  published  for  the  determination  of  strontium  which  is  based 
on  a  combination  of  a  radiochemical  method  and  a  flame  photo¬ 
metric  method  [11],  and  also  one  based  on  direct  flame  photo¬ 
metry  by  the  method  of  additions  [121  The  other  elements 
present  in  sea  water  in  high  concentrations  which  emit  radiation 
in  a  flame,  mainly  sodium,  magnesium,  and  calcium,  make  it 
essential  that  the  flame  background  be  determined  accurately.  The 
flame  photometer  in  which  the  spectra  are  recorded  makes  it  possible 
to  carry  out  such  a  determination  rapidly  and  accurately.  Solutions  of 
seawater  which  had  been  diluted  twice,  and  the  same  diluted  solu¬ 
tions  to  which  2,  4,  and  8  pg  Sr/ml  had  been  added,  were  photometrically  measured;  the  spectral  region  549.0- 
459,0-465  mp  was  recorded,  and  from  the  peak  height  the  Sr  content  of  the  water  was  calculated,  using  the  tech¬ 
nique  adopted  for  the  work  on  the  method  of  additions. 


Fig.  5.  Record  of  the  Ca  line  422.7 
mp  in  the  presence  of  strontium. 

1)  20  mg  Sr/ ml  without  addition  of 
any  Ca;  2)  20  mg  Sr/ml  +  10  pg 
Ca/ml;  3)  20  mg  Sr/ml  +  20  pg 
Ca/ml;  a)  peak  of  the  line  Ca  422.7 
mp ;  b)  peak  for  the  line  Sr  421.6  mp . 


TABLE  3 

Determination  of  Calcium  in  Yttrium  and  Gadolinium  Salts 
by  the  Method  of  Additions 


Sample 

Ca  added  for 
the  deter¬ 
minations 
pg/ml 

Ca  found 
in  the 
salt,  % 

Deviation 
from  the 
mean 

Yttrium  salt  No.  1 

1 

0,0200 

+0,0012 

The  same  » 

1 

0,0224 

»  No.2 

1 

0,0146 

±0.004 

>  » 

1 

0,01.54 

»  No.3 

1 

0,(K).59.5 

±0,00029 

»  » 

1 

0,00497 

Gadolinium  salt  Nal 

1 

0,0263 

±0,000.5 

The  same  » 

•) 

0,02.52 

>  No.2 

1 

0,02.5 

±0,002 

>  » 

2 

0,021 

»  No.  3 

1 

0,035 

±0,001 

»  » 

2 

0,037 
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Fig.  7.  Record  of  the  Sr  line  460.7  mp 
in  sea  water.  1)  Distilled  water;  2)  sea 
water  diluted  twice;  3)  twice-diluted 
sea  water  +  2  pg  Sr/ ml. 


Fig.  8.  Record  of  the  Mn  line  in  the 
presence  of  potassium.  1)  KCl  solution, 
100  pg/ml  +  5  pg  Mn/ml;  2)  KCl  solu¬ 
tion,  S  mg/ ml  +5  pg  Mn/ml;  3)  KCl 
solution,  100  pg/ml,  +  1  pg  Mn/ml; 
a)  peak  for  the  potassium  line  at 
404.4-404. mp;  b)  peak  for  the  Mn 
lines  at  403.1,  403.3,  and  403.4  mp. 


Fig.  7  is  shown  a  record  of  the  spectrum  obtained 
on  introducing  into  the  flame  distilled  water  which  had  been 
diluted  twice  with  sea  water,  and  the  same  water  to  which 
2  pg  Sr/ ml  had  been  added.  The  flame  background  arising 
from  the  introduction  of  sea  water  corresponds  to  a  value 
equivalent  to  about  1  pg  Sr /ml.  In  six  parallel  deter¬ 
minations  the  following  values  were  found  for  the  strontium 
content  of  the  sea  watenG  8,  7.2,  6.84,  6.4,  6.92,  and 


6.92  pg  Sr/ ml,  and  average  value  of  6.84  pg/ml,  the 
maximum  deviation  being  ±  0.4  pg/ml,  and  the  mean  deviation  0.166  pg/ml,  or  2.4*70 (relative). 


Determination  of  Manganese  in  the  Presence  of  Potassium.  Manganese  is  determined  on  the  basis  of  the 
lines  of  the  resonance  triplet  with  wavelengths  of  403.1,  403.3,  and  403.4  mp;  these  are  not  separated  in  the 
spectrophotometers  with  low  dispersion  normally  used.  The  proximity  in  the  spectrum  of  the  potassium  lines 

404.4  and  404.7  mp ,  and  the  possible  superposition  of  the  potassium  radiation  on  that  of  manganese,  makes  it 
essential  to  carry  out  an  accurate  control  of  the  separation  of  the  Mn  and  K  lines;  it  is  recommended  that  potas¬ 
sium  be  determined  on  the  basis  of  the  lines  766  6  and  769.9  and  to  apply  a  correction  by  means  of  a  specially 
constructed  curve  [13)  or  by  preliminary  separation  of  potassium  from  manganese  by  precipitation  in  the  form 
of  manganese  ammonium  phosphate  [14).  A  record  of  the  spectrum  here  again  makes  it  possible  to  evaluate 
and  take  into  account  possible  errors  arising  from  the  presence  of  potassium  in  solution.  In  order  to  establish  the 
limiting  permissible  amounts  of  potassium  and  manganese,  flame  spectra  were  recorded  in  the  region  402- 

405.5  mp,  for  solutions  containing  various  amounts  of  Mn  and  K  salts.  As  is  evident  from  Fig.  8  it  is  possible 
to  determine  as  little  as  1  pg  Mn/ml  of  Mn  in  the  presence  of  10  mg  KCl/ ml.  Correction  for  the  background 
caused  by  superposition  of  the  potassium  radiation  on  an  ordinary  spectrophotometer  in  which  the  spectra  are  not 
recorded  would  be  impossible  in  this  case. 


SUMMARY 

The  design  of  a  recording  flame  spectrophotometer  is  described  in  which  the  spectrum  is  recorded  on 
paper;  the  advantages  of  this  apparatus  over  theusual  type  of  spectrophotometer  are  demonstrated,  taking  as 
examples  the  determination  of  metals  in  the  presence  of  other  metals  which  give  complex  molecular  spectra  in 
the  spectral  region  of  the  test  line,  or  give  lines  which  are  close  to  this  test  line. 
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The  following  determinations  are  described:  determination  of  Li  in  NaCl}  Rb  in  the  presence  of  predominant 
amounts  of  K;  Ca  present  as  an  impurity  in  Sr  salts  and  rare  earth  salts;  Sr  in  sea  water;  and  Mn  in  the  presence  of 
predominant  amounts  of  potassium. 
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The  value  of  the  equilibrium  potential  of  an  oxidizing  agent  containing  oxygen  is  known  to  be  dependent 
on  the  acidity  of  the  solution.  Theoretically,  this  relation  can  be  expressed  by  the  formula: 


E  =  Eq-\- 


RT  ^oxid.'^H 
nF  “red. 


However,  calculations  based  on  this  formula  cannot  be  carried  out  in  practice,  since  the  activity  values 
are  not  always  known,  while  substitution  of  concentration  for  activity  leads  to  values  which  do  not  agree  with 
the  values  determined  experimaitally.  As  an  example  one  may  instance  the  work  of  Kolthoff  and  Luther  [1], 
in  which  it  was  shown  that  the  change  in  the  potential  of  the  system  Cr207*"/Cr®^  arising  from  a  unit  pH  change, 
not  only  did  not  agree  with  the  calculated  value,  but  differed  in  sulfuric  and  hydrochloric  acid  solutions.*  In  a 
number  of  papers,  Syrokomskii,  Avilov,  et  al.  [3-7]  also  demonstrated  disagreement  between  the  oxidation— re¬ 
duction  potentials  measured  in  various  media  and  the  theoretical  and  published  values.  In  addition,  published 
values  of  the  potentials  cannot  characterize  the  reducibility  of  halogenates  under  the  currents  applied  during 
polarography  with  a  dropping- mercury  electrode  or  with  a  platinum  rotating  electrode.  Thus,  according  to 
published  results  [8],  chlorate  has  the  highest  normal  oxidation  potential  (in  the  halogen  series),  while  iodate  has 
the  lowest;  on  the  other  hand,  it  is  well  known  that  chlorate  is  not  reduced  during  electrolysis  with  a  dropping- 
mercury  cathode,  and  iodate  and  bromate  are  polarographed  quantitatively,  the  half-wave  potentials  and  the  wave 
height  being  functions  of  the  pH  [9-14]. 

However,  the  work  carried  out  already  referred  to  a  comparatively  narrow  acid  concentration  range,  and,  in 
in  general,  no  work  has  been  carried  out  in  sulfuric  acid.  Accordingly,  the  work  described  here  was  devoted  to 
establishing  the  effect  of  sulfuric  acid  concentration  (from  2  to  32  N)  on  the  polarographic  reduction  of  halogen¬ 
ates. 


Since  hydrogen  invariably  participates  during  the  electrical  reduction  of  most  oxygen -containing  anions, 
the  material  from  which  the  electrode  is  made  should  play  an  Important  part;  accordingly,  we  polarographed  the 
halogenates  not  only  on  a  dropping-mercury  electrode  but  also  on  a  platinum  electrode. 

In  order  to  compare  the  polarographic  reduction  potentials  of  the  halogenates  (i.e.,  potentials  when  current 
is  applied)  with  the  oxidation  potentials,  we  measured  the  potentials  in  solutions  of  the  halogenates  with  varying 
sulfuric  acid  concentrations  in  the  absence  of  a  current. 

1.  Polarography  of  the  Halogenates  with  a  Dropping-Mercury  Cathode.  Polarographic  experiments  were 
carried  out  on  a  PPT-1  visual  polarograph  made  by  the  experimental  shop  of  the  Institute  of  Energetics,  Academy 
of  Sciences,  Kazakh  SSR.  The  M-21  type  galvanometer  had  a  sensitivity  of  10‘®  amp/ mm/ m.  The  half-wave 
potentials  were  determined  graphically  as  the  point  of  intersection  of  the  straight  line  constructed  within  the 


♦  It  was  shown  in  Ptitsyn  and  Petrov's  paper  [2]  that  the  potential  of  this  system  is  completely  independent  of 
trivalent  chromium  ions. 
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Fig.  1.  Polarogranii  for  4  x  10"®  M 
chlorate  solutions.  Sulfuric  acid  con¬ 
centration:  1)  18  N;  2)  22  N;  3) 

24  N;  4)  32  N, 

coordinateslogi/(i(j-i)-E  with  the  potential  axis.  The 
potential  values  given  below  are  corrected  for  IR  and 
refer  to  the  saturated  calomel  electrode.  Dissolved 
oxygen  was  removed  by  passing  hydrogen  or  carbon  diox¬ 
ide  through  the  solution  prior  to  addition  of  the  halogen - 
ate  (0.1  ml). 


TABLE  1 

Characteristics  of  the  Polarograms  of  Sulfuric  Acid 
Solutions  of  Chlorate.  Chlorate  Concentration 
4  •  10"®  M®/3  t/e  =  2.4 


Sulfuric 
acid  con- 
centra  - 
tion,  N 

1  / 

.  d^i^a 

/2 

16 

20,0 

8,3 

—0,67 

0,1 

18 

16,8 

7,0 

—0,59 

0,1 

20 

14,0 

5,8 

—0,54 

0,2 

22 

16,0 

6,6 

—0,39 

0,3 

24 

12,0 

5,0 

—0,33 

0,3 

26 

8,0 

3,3 

—0,39 

0,3 

28 

6,8 

2,8 

-0,35 

0,3 

30 

4,8 

2,0 

—0,25 

0,3 

32 

6,4 

2,7 

—0,25 

0,3 

34 

8,0 

3,3 

—0,25 

0,3 

36 

8,0 

3,3 

—0,30 

0,3 

a)  Chlorate.  Results  obtained  during  the  polarographic  study  of  chlorate*  are  given  in  Fig.  1  and  in 
Table  1.  A  reduction  current  was  only  observed  on  the  polarograms  when  the  sulfuric  acid  concentration  was  not 
less  than  10  N.  During  oscillographic  polarography ,  which  is  more  sensitive,  it  was  possible  to  observe  reduction 
of  chlorate  at  lower  sulfuric  acid  concentrations  [15].  A  clearly  defined  wave  was  observed  in  16  N  and  in  higher 
concentrations  of  sulfuric  acid  when  ordinary  polarography  was  used 


The  wave  height  is  proportional  to  the  chlorate  concentration  and  depends  on  the  sulfuric  acid  concentra¬ 
tion,  passing  through  a  maximum  at  approximately  16  N  sulfuric  acid,  and  again  increasing  somewhat  in  32  N 
acid.  Such  a  relation  is  connected,  probably,  with  the  viscosity  of  the  medium;  starting  at  concentrations  higher 
than  16  N,  the  viscosity  of  the  sulfuric  acid  solutions  increases,  in  the  range  29-31  it  changes  to  a  small  extent, 
while  in  the  range  32-35  N  there  is  again  a  certain  drop  in  viscosity. 


However,  the  effect  of  sulfuric  acid  concentration  on  the  reduction  process  is  also  connected  with  chem¬ 
ical  interactions  between  chlorate  and  sulfuric  acid,  in  the  course  of  which  it  is  known  [16]  that  chlorine  dioxide, 
chlorous,  and  perchloric  acids  are  formed,  as  well  as  free  chlorine,  all  of  which  can  be  reduced  on  the  cathode 
(with  the  exception  of  perchloric  acid  and  its  anions,  which,  according  to  published  results  [10,  11]  and  according 
to  our  results,  do  not  give  polarographic  waves  in  the  absence  of  special  catalysts) 

The  most  probable  participants  in  the  electrode  process  are  chlorine  dioxide  and  chlorine,  the  presence  of 
which  can  be  observed  from  the  yellow -green  color  of  the  solution  and  from  its  odor.  It  should  be  pointed  out  that 
during  polarograj^ic  investigation  of  a  solution  from  which  chlorine  dioxide  and  chlorine  had  been  removed  by 
extraction  with  organic  solvents  or  by  heating,  no  reduction  waves  were  observed 

Qualitative  changes  in  the  composition  of  the  solution  are  reflected  in  changes  in  the  values  of  the  half¬ 
wave  potentials  (Table  1). 


b)  Bromate.  Bromate  is  known  to  be  reduced  on  the  dropping-mercury  cathode  in  weakly  alkali  and  acid 
media  of  varying  composition  [9,  11,  12,  14].  We  established  that  in  a  supporting  electrolyte  of  2  N  sulfuric  acid, 
bromate  forms  one  very  clearly  defined  reduction  wave  (Ey^-  0.4  volt).  However,  even  in  4  N  sulfuric  acid,  an¬ 
other  wave  appears  which  precedes  the  main  bromate  wave,  and  starting  at  0  volt,  it  persists  at  higher  acid  con¬ 
centrations  (Fig,  2).  We  think  that  this  wave  is  determined  by  the  reduction  of  mercury  ions  formed  as  the  result 
of  the  direct  interaction  of  bromate  with  mercury  metal.  Exactly  the  same  wave  is  also  obtained  in  solutions  of 
other  oxidizing  agents— dichromate,  permanganate  [l"^]— which  oxidize  metallic  mercury. 


•The  experiments  were  carried  out  by  R.  Sh.  Nigmetova, 
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TABLE  2 


At  acid  concentrations  of  6  N  and  higher,  between 
the  first  (mercury)  and  second,  main  (bromate)  wave, 
there  is  observed  yet  another  wave  which  is  not  very 
clearly  defined;  this  is  the  result,  apparently,  of  the 
reduction  of  the  bromic  acid  molecule  [13,  14).  Since 
bromic  acid  is  a  fairly  strong  acid,  the  concentration  of 
its  undissociated  molecules  in  equilibrium  with  its  anions 
is  relatively  low,  and  the  wave  does  not  have  a  clearly 
defined  shape;  at  higher  sulfuric  acid  concentrations  this 
"molecular"  wave,  in  general,  disappears. 

The  absence  of  clear  lines  of  demarcation  between 
the  waves  prevents  one  from  calculating  the  polarographic 
characteristics.  The  height  of  the  total  wave  depends  on 
the  acid  concentration,  and  attains  a  maximum  in  ap¬ 
proximately  10  N  acid.  The  chemical  interaction  of 
bromate  with  acid  is  more  clearly  marked  the  higher  the 
acid  concentration;  this  chemical  interaction  gradually 
leads  to  a  complete  change  in  the  composition  of  the 
solution,  an  idea  of  which  can  be  gained  from  the  external 
appearance  of  the  solution,  which  acquires  a  rosy -orange 
or  yellow  color  (extracted  by  chloroform  or  carbon  tetra¬ 
chloride),  the  latter  is  caused  by  the  formation  of  free 
bromine,  and  possibly  bromine  dioxide.  Under  these 
conditions,  the  total  wave  height  decreases  sharply  and 
disappears  in  approximately  22  N  acid.  When  the  acid 
concentration  is  increased  further,  this  wave  is  replaced 
by  another  (curve  fS,  Fig.  2)  located  at  a  considerably 
more  negative  potential  (Ej^  =  -  0.6  volt)  than  in  less 
acid  solutions  (Curve  3,  Fig.  2). 

c)  lodate.  Results  of  these  experiments  are  given 
in  Table  2  and  Figs.  3  and  4.  It  is  clear  from  these  results 
that  reduction  of  iodate  in  general  proceeds  in  a  way 
similar  to  that  of  bromate:  depending  on  the  acid  concentration,  waves  for  the  reduction  of  mercury  ions  (Fig.  3, 
curve  3  step  I),  iodic  acid  (curves  1,  2,  3  step  II),  and  of  iodate  (step  III  on  the  same  curves)  are  observed.  In 
these  experiments  the  second  step  on  the  polarogram  is  expressed  very  clearly,  since  iodic  acid  dissociates  to  a 
very  small  extent.  The  limiting  current  in  this  case  is  observed  at  potentials  close  to  the  null  discharge  potential 
(-0.2  volt),  i.e.,  under  conditions  which  are  most  favorable  for  the  reduction  of  uncharged  particles. 

The  relation  between  the  heights  of  the  individual  waves  and  the  acid  concentration,  is,  in  general,  similar 
to  that  described  above  for  bromate.  However,  already  in  18  N  acid,  there  is  observed  an  "infinite"  current  at  a 
potential  which  is  more  positive  than  the  reduction  potential  of  hydrogen  in  the  given  supporting  electrolyte  (curves 
1  and  2,  Fig.  4);  in  this  case  the  height  of  the  other  steps  (as  compared  with  curve  3,  Fig.  4)  decreases  sharply, 
and  in  30  N  acid  these  steps  disappear  completely  (curve  3,  Fig.  4)— there  remains  only  a  sharp  increase  in  the 
current  at  -0.6  volt.  Since  this  potential  is  approximately  0.4  volt  more  positive  than  the  hydrogen  liberation 
potential  (curve  1,  Fig.  4),  it  remains  to  suggest  that  this  wave  appears  as  the  result  of  some  new  electrode  proc¬ 
ess,  or,  most  probably,  has  a  catalytic  character.  We  should  point  out  incidentally,  that  similar  catalytic  waves 
have  been  observed  by  Lingane  [18]  during  reduction  of  perrhenate  in  various  buffer  solutions,  and,  later  by  us 
during  the  reduction  of  perrhenate  in  a  sulfuric  acid  mediun  [19]. 

As  is  evident  from  Tables  1  and  2,  in  which  the  number  n  calculated  from  the  slope  of  the  straight  lines 
constructed  within  the  coordinates  log  i/(ij-i)— E,  is  given,  reduction  of  the  halogenates  is  irreversible.  This 
might  have  been  expected  since  the  anion  being  reduced  suffers  profound  changes  in  composition. 
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Fig.  2.  Polarograms  of  8  x  10"*  M  iodate 
solution.  Sulfuric  acid  concentration:  1) 
6  N;  2)  ION;  3)  14  N;  4)  22  N;  5)26N. 


Fig.  4,  Polarograms  of  10”*  M  iodate  solu¬ 
tion  in  a  supporting  electrolyte  of  concen¬ 
trated  sulfuric  acid  solutions:  1)  18  N  sul¬ 
furic  acid  without  iodate;  2)  18  N  sulfuric 
acid;  3)  30  N  sulfuric  acid. 
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Fig.  3.  Polarograms  of  2  x  10‘*  M  iodate 

solution.  Sulfuric  acid  concentration;  1)  2  N; 

2)  6  N;  3)  14  N. 

Comparison  of  the  results  obtained  during  polaro- 
graphic  studies  of  chlorate,  bromate,  and  iodate,  shows 
that  the  reducibility  of  these  ions  increases  from  chlo¬ 
rate  to  bromate  and  iodate. 

The  presence  of  several  waves  on  the  polarograms 
of  iodate  and  bromate  confirms  the  qualitative  changes 
which  occur  in  solution  under  the  influence  of  sulfuric 
acid,  while  the  inconstancy  of  the  half-wave  potential 
within  the  limits  of  these  separate  waves  testifies  to  the 
instability  of  the  systems  formed,  and  to  their  simulta¬ 
neous  coexistence  in  the  test  solution. 

Results  of  potential  measurements  in  the  absence 
of  a  current  also  point  to  these  qualitative  changes  which 
are  connected  with  the  appearance  of  new  forms  which 
are  distinguished  by  higher  oxidation  potentials. 

2.  Measurement  of  Potential  in  the  Absence  of 
Current.  The  potentials  were  measured  on  a  PPTV-1 
potentiometer.  •  The  indicator  electrode  was  a  smooth 
platinum  wire  The  reference  electrode  was  a  saturated 
calomel  electrode.  The  temperature  of  the  solution  was 
25  ±  1“.  Measurements  are  carried  out  .5  minutes  after 
addition  of  the  halogenate  to  the  acid  solution. 


It  should  be  pointed  out  that  the  experimental 

determination  of  the  potentials  of  the  systems  halogenate— halide  are  impossible  in  actual  fact,  since  halide  ions 
in  an  acid  medium  are  oxidized  by  halogenate  with  formation  of  a  free  halogen  (the  values  given  in  textbooks  are 
obviously  calculated  on  the  basis  of  Luther’s  law  from  the  potential  values  of  the  systems  halogenate— halide  and 
halogen— halide).  Accordingly,  in  our  experiments,  the  solutions  only  contained  halogenate  (4  x  10’*  M)  and 
from  2  to  36  N  sulfuric  acid. 

Results  of  these  measurements  are  given  in  Fig  h  When  the  values  which  we  obtained  in  2  N  sulfuric  acid 
are  compared  with  the  values  of  the  normal  potentials  (as  is  well-known,  the  values  of  the  normal  potentials  of 


•V.  P.  Gladyshev  took  part  in  this  work. 
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the  oxidizing  agent  correspond  usually  to  2  N  sulfuric  acid),  what  is  immediately  striking  is  the  directly  contra¬ 
dictory  way  in  which  the  potentials  change,  namely 


Chlorate 

Bromate 

Iodate 

The  potential  which  we  measured 
in  a  10"®  solution  of  halogenate 
in  2  N  sulfuric  acid 

±  0.39 

+  0.41 

+  1.12 

The  normal  potential  of  the 
halogenate  system  (free  halogen 
according  to  Latimer  [20]) 

+  1.47 

+  1.52 

+  1.20 

The  normal  potential  of  the 
system  halogenate— halide  ions 

+  1.44 

+  1.42 

+  1.08 

[8] 


v(sat.cal. elect.) 


0  to  20  30  N  HjSO* 


Fig.  5.  Relation  between  the  potential  of  10‘®M 
solutions  of  the  halogenates  (in  the  absence  of  a 
current)  and  the  sulfuric  acid  concentration;  1) 
chlorate;  2)  bromate;  3)  iodate. 

Thus,  in  2  N  sulfuric  acid,  iodate  is  the  stronger 
oxidizing  agent.  This  fact  is  in  good  agreement  both 
with  the  results  given  above  of  our  experiments,  and  with 
the  observations  and  calculations  of  Sammet  [21],  who 
found  that  the  equilibrium  constant,  on  switching  from 
halogen  decreases  from  chlorate  to  iodate,  and  that  con¬ 
sequently,  the  oxidizing  capacity  of  iodate  is  higher  than 
that  of  the  other  halogenates. 
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Fig.  6.  Polarograms  of  a  10-'*  M  solu¬ 
tion  of  iodate  in  a  supporting  electro¬ 
lyte  of  sulfuric  acid  Qjlatinum  electrode). 
Sulfuric  acid  concentration;  1)  2  N; 

2)  4  N;  3)  supporting  electrolyte,  the 
curves  coincide  for  all  acid  concentra- 


With  increasing  sulfuric  acid  concentration,  the  po-  tions. 

tential  of  the  iodate  increases  uniformly,  while  the  poten¬ 
tial  of  the  chlorate  increases  stepwise,  indicating  sudden  changes  in  the  composition  of  the  solution.  Bromate  oc¬ 
cupies  an  intermediate  position  between  iodate  and  chlorate  (Curve  2,  Fig.  5).  The  slight  drop  which  occurs  at 
high  sulfuric  acid  concentrations  should  presumably  be  related  to  the  limited  solubility  of  bromine  in  concentrated 
sulfuric  acid.  Where  this  is  not  the  case,  then,  in  all  probability,  at  high  acid  concentrations,  the  curve  for  bromate 
would  be  located  at  approximately  the  same  potentials  as  for  the  chlorate  curve,  and  would  intersect  the  iodate 
curve  just  like  the  chlorate  curve  does.  Or,  putting  it  in  another  way,  the  published  order  of  the  sequence  of  the 
potentials  according  to  their  potentials  (chlorate,  bromate,  and  iodate)  could  be  achieved  in  real  conditions  when 
the  sulfuric  acid  concentration  exceeds  27  N  (Fig.  5). 
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Fig.  7.  Polarograms  of  10"®  M  solu¬ 
tions  of  the  halogenates  (platinum  elec¬ 
trode).  1)  lodate;  supporting  electro¬ 
lyte  16  N  sulfuric  acid;  2)  bromate, 
supporting  electrolyte  16  N  sulfuric 
acid;  3)  chlorate;  supporting  electro¬ 
lyte  22  N  sulfuric  acid. 


mm 


Fig.  8.  Polarograms  of  10"®  M  solutions 
of  the  halogenates  (platinum  electrode) 
in  a  supporting  electrolyte  of  30  N  sul¬ 
furic  acid;  1)  lodate;  2)  bromate; 

3)  chlorate. 


3.  Polarography  with  a  Rotating  Platinum  Electrode.  The  setup  used  was  the  same  as  that  described  above, 
with  the  exception  that  the  dropping-mercury  electrode  was  replaced  by  a  rotating  platinum  electrode  (a  wire  ~ 

~  3  mm  long  and  0.5  mm  in  a  diameter;  the  rotational  rate  was  ~  400  rpm). 

Results  of  the  experiments  are  given  in  Figs.  6-9. 

In  Fig.  6,  which  relates  to  2-10  N  acid,  are  given  typical  reduction  curves  for  iodate  alone.  The  wave 
height  is  proportional  to  the  acid  concentration.  The  potential  at  which  the  wave  starts  is  +  0.6  volt.,  i.e.,  it 
appears  at  a  considerably  more  positive  potential  (by  almost  0.6  volt)than  on  a  dropping-mercury  electrode.  At 
the  acid  concentrations  indicated, no  reduction  curves  were  observed  on  the  polarograms  for  chlorate  and  iodate. 

It  should  be  emphasized  that  reduction  of  chlorate  on  a  platinum  electrode  generally  does  not  occur  in  practice, 
even  at  the  hydrogen  reduction  potentials:  a  specially  conducted  "macro  test"  (current  density  0,2  amp/ cm®, 
electrode  surface  1  cm®)  showed  that  after  prolonged  electrolysis  (more  than  2  hours)  of  a  solution  of  chlorate  in 
2  N  sulfuric  acid  (chlorate  concentration  10"®  M)  which  was  accompanied  by  intense  liberation  of  hydrogen,  only 
a  slight  opalescence  appeared  on  addition  of  silver  nitrate.  When  the  same  experiment  was  repeated  with  a 
mercury  electrode,  the  chlorate  was  reduced  almost  completely  in  a  matter  of  minutes. 

At  acid  concentrations  ranging  from  12  to  22  N  (Fig.  7),  reduction  currents  are  observed  for  all  three  halo¬ 
genates.  lodate  gives  a  wave  similar  to  that  described  above,  but  its  height  is  lower,  presumably,  as  a  result  of 
an  increase  in  the  viscosity  of  the  sulfuric  acid  solution.  The  reduction  potential  does  not  change  with  increasing 
acid  concentration— this  indicates  that  either  the  same  products  that  were  reduced  at  lower  acid  concentrations 
are  reduced  at  the  cathode,  or  that  the  new  materials  formed  in  the  solution  are  reduced  at  the  same  potential  as 
the  lodate  itself.  Actually,  on  taking  polarograms  of  a  solution  containing  known  amounts  of  iodate  and  free 
iodine  simultaneously,  we  again  observed  only  one  wave  which  coincided  in  potential  with  the  wave  obtained 
when  no  free  iodine  had  been  added. 

It  should  also  be  pointed  out  that  the  final  product  of  the  electrode  reduction  of  iodate— iodide  ions  cannot 
exist  in  acid  solutions  at  the  same  time  as  iodate,  since  it  reacts  with  the  latter  according  to  the  equation  10 
lO,"  +  r  +  6H'^  -  Ij  +  3H2O. 

Free  iodine,  as  is  well-known,  is  readily  reduced  on  a  platinum  electrode,  and  the  reduction  product  (iodide) 
is  again  oxidized  by  iodate  according  to  the  equation  just  given.  Thus,  apparently,  only  free  iodine  is  subjected  to 
electrode  reduction,  while  reduction  of  the  iodate  proceeds  mainly  as  the  result  of  a  chemical  reaction  in  solution. 
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In  bromate  solutions,  in  a  supporting  electrolyte 
of  12-22  N  acid,  the  reduction  currents  appear  at  a 
potential  of  about  +  1.2  volt,  and  the  current  increases 
so  strongly  that  the  galvanometer  needle  goes  off  the 
scale  (even  when  the  galvanometer  is  shunted  to  its 
limit).  Apparently,  reduction  of  the  products  formed  by 
the  interaction  of  bromate  and  sulfuric  acid  occurs,  while 
the  sharp  increase  in  the  current  is  catalytic  in  character. 

In  chlorate  solutions  the  reduction  currents  only 
appear  at  acid  concentrations  of  ~  16  N.  The  potential 
at  which  reduction  starts  is  strongly  dependent  on  the  acid 
concentration,  and  shifts  to  more  positive  values  with  in¬ 
creasing  acid  concentration.  This  is  readily  explained 
by  the  fact  that  with  increasing  acid  concentration,  the 
amount  of  the  products  formed  by  the  interaction  of  the 
acid  and  chlorate  increases.  The  fact  that  the  reduction 
processes  occur  at  the  same  time  leads  to  a  wave  which 
is  not  clearly  defined  (Curve  3,  Fig.  7). 

In  Fig.  8  are  shown  polarograms  which  are  typical 
of  those  obtained  in  24-36  N  acid.  The  wave  height  of 
the  iodate  in  30  N  acid  is  insignificant,  but  its  potential 
is  almost  the  same  as  of  the  waves  in  less  concentrated 
acids.  Bromate,  as  is  evident  from  Fig.  8  (Curve  2)  gives 
very  clearly  defined  waves  in  30  N  sulfuric  acidj  the 
reduction  wave  starts  at  approximately  +  1.5  volt.  The  presence  of  three  steps  on  the  wave  indicates  reduction  of 
the  three  different  interaction  products  mentioned  above,  which  are  formed  from  the  bromate  and  the  concentrated 
acid,  namely— bromine  dioxide,  free  bromine,  and,  possibly,  free  oxygen  [20].  It  should  be  pointed  out  that  in 
such  solutions  liberation  of  gas  bubbles  can  be  observed.  The  complexity  of  the  relation  between  the  wave  height 
and  acid  concentration  is  brought  out  very  well  in  the  curves  in  Fig.  9,  particularly  by  Curve  4.  On  this  curve  the 
first  step  (starting  from  positive  potential  values)  dropped  considerably  in  comparison  with  Curve  1.  the  second 
step  increased  by  four  times,  while  the  last  step  went  off  the  galvanometer  scale.  The  start  of  this  step  occurs 
at  a  potential  approximating  to  that  for  reduction  of  oxygen  on  a  platinum  electrode,  which  enables  one  to  sug¬ 
gest  that  the  wave  is  connected  with  the  reduction  of  oxygen,  and,  apparently,  is  catalytic  in  character. 

The  results  described  which  were  obtained  on  taking  polarograms  on  a  platinum  electrode  agree  very  well 
with  the  way  in  which  the  potentials  of  the  halogenates  change  with  the  sulfuric  acid  concentration  in  the  absence 
of  a  current  (Fig,  5).  The  iodate  potential  which  Is  relatively  high  already  in  2  N  sulfuric  acid:  +  0,87  volt. 

(+  1.12  volt  relative  to  the  saturated  calomel  electrode)  does  not  undergo  any  sharp  changes  as  the  sulfuric  acid 
concentration  increases;  in  agreement  with  this,  when  solutions  of  iodate  are  polarographed  with  a  platinum  elec¬ 
trode  in  a  supporting  electrolyte  of  acid,  only  one  wave  is  observed  whatever  the  acid  concentration. 

The  potentials  of  chlorate  and  bromate  change  very  rapidly  with  increasing  acid  concentration,  and  the 
polarographic  behavior  of  these  anions  on  a  platinum  electrode  changes  accordingly.  Thus,  the  potential  of  the 
chlorate  remains  almost  constant  and  very  low— about  +  0.05  volt  (+  0.3  volt  with  respect  to  the  saturated  calomel 
electrode)  right  up  to  sulfuric  acid  concentrations  of  the  order  of  14  N.  after  which  it  sharply  increases  up  to  +  0.7 
volt  (+  0,95  volt  with  respect  to  the  saturated  calomel  electrode).  It  is  precisely  at  the  acid  concentration  indir 
cated  that  the  reduction  current  appears  on  the  platinum  electrode,  starting  at  a  potential  of  about  +  1.05  (+  1.3 
volt  with  respect  to  the  saturated  calomel  electrode).  The  appearance  of  the  second  step  on  the  polarogram,  when 
the  latter  is  taken  in  a  supporting  electrolyte  of  concentrated  acid  (higher  than  22  N).  is  in  good  agreement  with 
the  second  increase  in  the  potential  in  the  absence  of  a  current,  which  is  observed  at  this  acid  concentration. 

The  Mechanism  of  the  Polarographic  Reduction  of  the  Halogenate-,  Comparison  of  the  experimental  results 
obtained  with  the  platinum  and  mercury  electrodes  draws  attention  to  the  fact  that  reduction  on  platinum  occurs 
at  considerably  higher  positive  potentials  than  on  mercury.  Under  such  conditions  the  reduction  wave  Is  located  at 


Fig.  9.  Polarograms  of  a  8  •  10'^  M  solu¬ 
tion  of  bromate  in  a  supporting  electrolyte 
of  concentrated  sulfuric  acid.  Acid  concen¬ 
trations:  1)  28  N;  2)  30  N;  3)  32  N;  4) 

34  N. 
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potentials  where  reduction  of  hydrogen  does  not  yet 
occur.  This  fact  compels  one  to  assume  that  the  me¬ 
chanism  of  reduction  on  platinum  and  on  mercury  is 
different,  thus:  on  a  platinum  electrode,  in  the  main, 
it  is  not  halogenate  anions  that  are  reduced,  but  the 
products  of  the  interaction  of  the  halogenates  with 
sulfuric  acid— molecules  of  the  halogen  dioxides  and 
free  halogens.  Direct  reduction  of  a  halogenate  anion 
on  platinum  can  occur,  apparently,  only  in  the  case  of 
the  iodate,  the  one  that  is  most  readily  deformed  of  the 
three  anions  considered,  and  the  one  which  possesses  a 
Fig.  10.  Polarograms  of  a  10"^  M  solution  of  sufficiently  high  oxidation  potential  in  solutions  of  acids 

iodate  in  a  supporting  electrolyte  of  dilute  of  any  concentration  (Fig.  5).  However,  as  soon  as  elec- 

(10"*  M)  solutions  of  sodium  sulfate  and  sulfuric  trode  reduction  of  iodate  occurs,  then,  near  the  electrodes 

acid:  1)  Sodium  sulfate  solution;  2)  iodate  in  there  appear  iodide  ions  which  react  directly  with  iodate; 

a  supporting  electrolyte  of  sodium  sulfate;  as  a  result  free  iodine  is  liberated,  which  is  subsequently 

3)  iodate  in  a  supporting  electrolyte  of  sulfuric  reduced  on  the  electrode, 

dciij 

It  was  shown  above  that  reduction  of  chlorate  on 
platinum  does  not  occur  even  during  intensive  liberation 
of  hydrogen.  Similar  experiments  with  bromate  and  iodate  solutions  •  showed  that  during  electrolysis  with  a 
platinum  electrode,  in  iodate  solutions,  immediately  after  switching  on  the  current,  there  is  observed  liberation 
of  free  iodine;  while  in  solutions  of  bromate,  free  bromine  only  appears  several  minutes  after  the  beginning  of 
electrolysis. 

Reduction  of  all  three  halogenates  occurs  on  a  dropping  mercury  electrode,  iodate  and  bromate  give  well 
defined  polarographic  waves;  chlorate  ions,  which  are  the  most  electronegative  as  compared  with  bromate  and 
iodate,  do  not  give  waves  because  of  the  overwhelming  liberation  of  hydrogen  (the  wave  which  appears  in,,-  16  N 
acid  is  caused  by  the  reduction,  not  of  chlorate  as  such,  but  of  chlorine  dioxide). 

One  cannot  but  notice  that  in  their  behavior  during  electrolysis  the  halogenates  are  similar  to  polar  organic 
compounds,  which,  as  is  known  [22],  can  only  be  electrolytically  reduced  on  cathodes  made  of  metals  with  a  high 
overvoltage  for  liberation  of  hydrogen,  in  particular,  on  mercury. 

The  mechanism  of  the  reduction  of  oxygen -containing  anions  of  the  halogenate  type  on  a  mercury  cathode, 
apparently,  differs  essentially  from  the  reduction  mechanism  of  the  readily  reducible  anions  studied  by  A.  N. 
Frumkin  et  al.  In  the  work  of  Kryukova  [23],  Frumkin  and  Florianovich  [24,  25],  and  in  other  articles  of  the 
Frumkin  school  [26,  27]  it  has  been  shown  that  during  the  polarographic  reduction  of  persulfate,  chloroplatinate, 
chloroiridiate,  and  some  other  anions,  a  minimum  current  is  observed  on  the  polarization  curve  in  a  potential 
region  which  is  more  negative  than  the  potential  of  the  mercury  zero  discharge.  The  current  drop  can  be  elim¬ 
inated  by  adding  excess  of  an  indifferent  electrolyte.  The  authors  of  the  articles  cited  above  explain  these 
phenomena  by  the  fact  that  the  electrostatic  repulsion  of  the  anion  from  the  negatively  charged  surface  of  the 
cathode  leads  to  a  drop  in  the  concentration  of  the  anion  near  the  cathode.  Cations  which  enter  into  the  com¬ 
position  of  a  double  salt  on  addition  of  an  excess  of  an  indifferent  electrolyte  facilitate  the  approach  of  the 
anions  to  the  cathode. 

However,  during  reduction  of  such  anions  as  MnO^  and  Hgl*”,  Florianovich  and  Frumkin  [25]  did  not  observe 
current  minima.  This  phenomena  has  not  been  explained  in  the  articles  cited  above.  In  our  opinion  the  most 
likely  reason  for  such  "anomalous"  behavior  on  the  part  of  anions  of  the  type  Mn04 ,  is  that  these  anions  oxidize 
the  mercury  of  the  electrode,  and  the  wave  which  is  observed  when  polarograms  are  taken  of  solutions  of  these 
oxidizing  agents  is  determined  by  the  reduction  of  mercury  ions  formed  as  the  results  of  the  chemical  reaction 
of  the  latter  with  the  solution.  It  should  be  noted  that  Kolthoff  and  Orlemann  [14]  when  working  with  iodates 
and  bromates  pointed  out  the  necessity  of  removing  the  mercury  pool  from  the  electrolyzer  in  order  to  avoid  ac¬ 
cumulations  of  mercury  ions  in  solution.  We  have  pointed  out  the  fact  that  permanganate  oxidizes  mercury  dur¬ 
ing  polarographing  earlier  [17],  Kivalo  and  Laitinen  hold  the  same  view  with  respect  to  chloroplatinate  [28]. 

As  for  the  complex  anion  Hgl^”,  which  was  mentioned  above,  it  too  is  an  oxidizing  agent  as  far  as  mercury  metal 
is  concerned. 

•  K  Sagadieva  took  part  on  this  work. 
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In  order  to  compare  our  results  with  those  obtained  by  the  Frumkin  School,  we  carried  out  a  series  of  experi¬ 
ments  in  which  iodate  solutions  were  polarographed  in  the  absence  of  excess  of  an  indifferent  electrolyte.  As  Is 
evident  from  the  curves  in  Fig.  10.  no  current  minima  were  observed  at  potentials  more  negative  than  the  mercury 
zero  discharge  potential  either  in  neutral  (Curve  2)  or  in  weakly  acid  solutions  (Curve  3). 

If  it  is  assumed  that  the  reduction  of  persulfate  according  to  the  scheme  S20|*"  +  2e  2  SQ**’,  I.e..  without 
participation  of  hydrogen  Ions,  does  not  differ  in  principle  from  the  reduction  of  the  oxygen -containing  anions  which 
we  examined,  and  which  only  proceeds  with  the  participation  of  hydrogen  ions,  then  the  absence  of  current  minima 
on  the  polarograms  becomes  understandable;  it  is  explained  by  the  fact  that  during  the  electrical  reduction  of  the 
halogenates  on  a  mercury  electrode,  the  first  act  of  the  electrode  process  is  the  discharge  of  hydrogen  Ions.  Reduc¬ 
tion  of  the  anions  is  carried  out  by  hydrogen  at  the  moment  of  its  formation.  The  hydrogen  ions  in  the  layers  near 
the  electrode  facilitate  the  approach  of  the  anions  to  the  cathode,  playing,  in  this  way,  a  part  similar  to  that  of  the 
cations  of  the  supporting  electrolyte  in  the  experiments  of  Frumkin,  et  al. 

The  authors  wish  to  express  their  thanks  to  M.  T.  Kozlovskii  for  his  valuable  advice  and  help  in  carryii^ 
out  this  work. 


SUMMARY 

It  has  been  shown  that  when  polarograms  are  taken  with  a  dropping  mercury  electrode  in  a  supporting  elec¬ 
trolyte  of  sulfuric  acid: 

a)  chlorates  are  not  polarographed  directly;  in  concentrated  sulfuric  acid  solutions  (not  less  than  16  N)  it  is 
the  products  formed  by  the  interaction  of  chlorate  with  sulfuric  acid  that  are  polarographed; 

b)  bromates  and  iodates  are  polarographed  even  in  dilute  sulfuric  acid,  and  in  the  case  of  bromates  one 
clearly  defined  wave  is  observed,  while  in  the  case  of  iodates  two  clearly  defined  waves  are  observed. 

It  has  been  shown  that  bromate  and  iodate  oxidize  the  mercury  of  the  electrode,  as  a  result  of  which  a  wave 
for  the  reduction  of  mercury  ions  appears  on  the  polarograms. 

It  has  been  shown  that,  in  the  main,  it  is  not  the  halogenates  which  are  subjected  to  reduction  on  a  platinum 
electrode,  but  the  products  of  their  interaction  with  sulfuric  acid. 

It  has  been  shown  that  there  is  a  complex  relation  between  the  wave  height  and  the  sulfuric  acid  concentra¬ 
tion,  as  a  result  of  simultaneous  changes  in  the  composition  of  the  solution  and  in  its  viscosity. 

The  potentials  of  the  halogenates  in  sulfuric  acid  of  various  concentrations  have  been  measured  in  the  ab¬ 
sence  of  a  current,  and  a  relation  has  been  established  between  the  value  of  these  potentials  and  the  reducibillty 
of  the  halogenates  on  dropping  mercury  and  platinum  cathodes. 

On  the  basis  of  the  experimental  results  obtained,  some  observations  are  made  regarding  the  mechanism  of 
the  reduction  of  the  halogenates. 
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Original  article  submitted  March  24,  1959 

It  was  shown  earlier  [1]  that  thiosemicarbazides  form  complex  compounds  with  cupric  ions— copper  thiosemi- 
carbazidinates.  Aryl-  and  diarylthiosemicarbazides  are  particularly  sensitive  reagents  for  cupric  ions.  The  cop¬ 
per  diarylthiosemicarbazidinate  formed,  on  dissolving  in  water,  acetic  acid,  alcohols,  and  some  other  organic 
solvents,  colors  the  solution  (if  dilute)  an  intense  blue  or  blue-green.  The  reaction  of  thiosemicarbazides  with 
cupric  ions  is  at  the  same  time  a  highly  selective  reaction  for  the  qualitative  detection  and  quantitative  deter¬ 
mination  of  copper  by  a  photometric  method. 

By  the  action  of  uni-  and  divalent  mercury  ions  and  of  silver  ions  on  copper  thiosemicarbazidinate .  substitu¬ 
tion  of  the  copper  ions  in  its  thlosemicarbazidinates  by  mercury  or  silver  ions  occurs,  with  simultaneous  change  in 
the  blue  or  blue -green  color  of  the  solutions  to  a  colorless  or  pale -yellow  color.  This  characteristic  of  the  reaction 
has  served  as  a  basis  for  using  it  for  the  quantitative  determination  of  mercury  [2]. 

In  the  present  article  a  description  is  given  of  a  titrimetric  method  for  the  quantitative  determination  of 
thiosemicarbazide,  1-phenyl-,  1,4 -diphenyl-,  l-phenyl-4-ortho-tolyl-,  and  l-phenyl-4-ortho-anisylthIo-semi- 
carbazides  based  on  their  capacity  to  form  stable  complex  compounds  with  divalent  mercury  ions.  The  indicator 
in  these  titrations  is  copper  thiosemicarbazidinate— [Cu(RHNNHCSNHR)]*^,  which  is  formed  by  adding  a  solution 
of  cupric  nitrate  to  the  test  solution  of  the  thiosemicarbazides. 

During  titration,  in  all  cases,  two  volumes  of  a  0.02  M  solution  of  thiosemicarbazide,  aryl-,  or  diarylthio- 
semicarbazide  are  expended  for  one  volume  of  0.02  M  cupric  nitrate  solution  (Table  1). 

Thiosemicarbazide  and  its  aryl-  and  diaryl  derivatives  react  with  mercuric  nitrate  accordii^  to  the 
equation 

f  2RHNNHCSNHRi - ►  [Hg(RHNNHCSNHR,)l-^' 

The  molecular  weight  and  the  structure  of  the  thiosemicarbazides  do  not  affect  the  number  of  the  molecules 
of  the  thiosemicarbazide  which  are  coordinated  by  the  mercury  ion. 

1-Phenylthiosemicarbazide  was  also  determined  by  means  of  a  2<7o  alcoholic  solution  of  diphenylcarbazone, 
which  is  widely  used  as  an  indicator  in  mercurometry. 

The  results  obtained  during  the  determination  of  1 -phenyl -thiosemicarbazide  at  pH  1.5-2  in  the  presence 
of  diphenylcarbazone  and  cupric  ions  were  in  good  agreement  with  each  other.  One  of  the  drawbacks  of  diphenyl¬ 
carbazone  as  an  indicator  is  the  necessity  of  maintaining  a  definite  acidity  for  the  solution.  When  the  product 
formed  by  the  reaction  of  mercury  ions  and  the  test  material  is  precipitated,  or  forms  a  turbidity,  it  is  difficult 


•For  communication  2,  see  [1]. 
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TABLE  1 

Ratio  of  the  Volumes  of  Solution  Used  during  Titration  of  0.02  M  Solutions  of  the  Thlo- 
semlcarbazldes  with  Hg(N03)2  In  the  Presence  of  Cu(N03)2 


Thiosemicarbazide 

Amt. of 

0. 02  M  thio¬ 
semicarba¬ 
zide  solution 
taken,  ml 

Amount  of 
0.02  M 

ISSa’tsed 

ml 

Molar 

ratio 

Thiosemicarbazide -H2NNHCSNH2 

25,0 

12,60 

1,98 

20,0 

10,04 

1 ,99 

10,0 

5,1 

1,96 

1  -Phenylthiosemicarbazide 

CeHsNHNHCSNHj- 

30,0 

15,05 

1,99 

20,0 

10,1 

1,98 

10,0 

5,05 

1,98 

1 ,4  -Diphenylthiosemicarbazide 
CgHsNHNHCSNHCeHs- 

25,0 

12,5 

2,00 

14,5 

7,25 

2,00 

10,0 

5,01 

1,99 

1 -Phenyl -4 -ortho-tolylthiosemicarbazide 
C6H5NHNHCSNHC6H4CH3- 

25,0 

12,5 

2,00 

20,0 

15,0 

10,05 

7,45 

1,99 

2,01 

1  -Phenyl-4 -ortho-anisylthiosemicarbazide 
CeHgNHNHCSNHCeHiCfcHa- 

20,0 

15,0 

10,0 

10,05 

7,40 

5,05 

1,99 

2,02 

1 ,98 

to  detect  the  point  at  which  the  color  changes  near  the  equivalence  point.  In  general,  determination  with  di- 
phenylcarbanzone  in  an  acetic  acid  solution  is  impossible.  The  composition  of  the  compound  which  diphdnyl- 
carbazone  forms  with  mercuric  ions  is  not  known  [3-4].  The  method  recommended  for  the  quantitative  deter¬ 
mination  of  thiosemicarbazides  is  fairly  accurate,  is  characterized  by  high  selectivity,  and  is  simple  to  carry 
out.  Changes  in  the  acidity  of  the  medium  do  not  have  an  appreciable  effect  on  the  experimental  results. 

A  characteristic  property  of  copper  aryl-  and  diarylthiosemicarbazidinates  is  their  ready  solubility  in 
isoamyl  alcohol.  In  the  presence  of  a  small  excess  of  cupric  nitrate,  aryl-  and  diarylthiosemlcarbazides  can  be 
quantitatively  separated  by  extraction  from  compounds  which  are  insoluble  in  isoamyl  alcohol.  In  contrast  to 
copper  aryl-  and  diarylthiosemicarbazidinates  copper  hiosemicarbazidinate  is  insoluble  in  isoamyl  alccrfiol. 

The  method  of  extracting  with  isoamyl  alcohol  is  particularly  convenient  for  the  quantitative  determination  of 
aryl-  and  dlarylthiosemicarbazides  in  dilute  solutions,  since  they  can  then  be  concentrated  in  a  small  volume  of 
solution. 

Thiosemicarbazides  are  readily  prepared  In  a  chemically  pure  form,  accordingly,  they  are  used  as  original 
materials  for  standardizing  the  working  solution  of  mercuric  nitrate. 

EXPERIMENTAL 

The  working  solution  of  mercuric  nitrate  was  prepared  by  dissolving  chemically  pure  mercuric  oxide  or 
metallic  mercury  in  nitric  acid.  Nitrogen  oxides  strongly  interfere  with  the  determination  of  thiosemicarbazides, 
accordingly, the  former  should  be  removed  beforehand  when  the  working  solution  is  prepared  from  metallic  mercury. 

The  working  solution  of  mercuric  nitrate  was  standardized  against  an  aliquot  of  the  same  thiosemicarbazide 
which  we  intended  to  determine.  Mercuric  nitrate  solutions  can  be  kept  for  a  long  time  without  any  appreciable 
changes  in  concentration. 

Thiosemicarbazide  was  prepared  from  monohydrazine  sulfate  and  potassium  thiocyanate  by  evaporating  a 
solution  which  had  been  neutralized  with  potassium  carbonate  to  a  syrupy  state  [5].  1 -Phenylthiosemicarbazide 

was  synthesized  by  heating  an  acetic  acid  or  aqueous  solution  of  phenylhydrazine  hydrochloride  with  potassium  or 
ammonium  thiocyanate  [2,  6].  1,4 -diphenyl-,  1 -phenyl -4-ortho-tolyl-.  and  1 -phenyl -4-ortho -anisylthiosemi- 
carbazides  were  prepared  from  the  corresponding  isothiocyanates  and  phenylhydrazine  by  the  reaction 

CsHsNUNHi  +  SCNAr  CellsNIINIICSNUAr 
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TABLE  2 


Determination  of  Thlosemicarbazide  By  Means  of  a 
Hg(N03)2  Solution.  Indicator  Cu(N03)2 


HjNNHCSNHj 
taken,  mg 

CH,COOH 
added,  ml 

HjNNHCSNHj 
found,  mg 

Difference, 

mg 

.30,4.5 

10 

30,30 

-0,15 

30,45 

20 

30,32 

—0,13 

18,45 

10 

18,35 

—0,10 

45,55 

10 

45,05 

-f-0.10 

91,13 

25 

91,20 

-1-0,07 

TABLE  3 

Determination  of  Aryl-  and  Diarylthiosemicarbazides  with 
Hg(NOs)2  Solution.  Indicator  CufNOs): 


Thiosemicarbazide 

Taken, 

mg 

Found, 

mg 

Difference, 

mg 

1  -Phenylthiosemicarbazide 

41 ,80 

41,45 

—0,35 

CeHsCNHUzCSNHz- 

25,08 

24,85 

-0,23 

20,90 

20,70 

—0,20 

20,90 

20,70 

-0,20 

1  -Diphenylthiosemicarbazide 

48,60 

48,50 

—0,10 

C^lfsiNmzCSNHCgHs- 

48,60 

48,52 

—0,08 

87,60 

87,25 

-0,35 

87,62 

87,35 

—0,25 

1  -Phenyl-4-ortho-tolylthio- 

51,46 

51,44 

—0,02 

semicarbazide 

51,46 

51,38 

—0,08 

C6H5(NH)2CSNHC6H4CH3  ~ 

102,9 

102,8 

—0,1 

102,92 

102,70 

—0,22 

1  -Phenyl -4 -ortho -anisylthio- 

27,33 

27,39 

-j-0,06 

semicarbazide 

27,33 

27,40 

-h0,07 

c,H5(nh)zCsnhc6H4Cx:h3- 

54,66 

54,60 

—0,04 

54,66 

.54,58 

—0,08 

Determination  of  Thiosemicarbazide.  An  approximately  0.02  M  solution  of  thiosemicarbazide  was  prepared 

by  dissolving  an  aliquot  of  the  material  in  water  with  heating.  To  an  accurately  measured  volume  of  the  thiosemi- 


carbazide  solution  was  added  an  equal  volume  of  concentrated  acetic  acid  and  10-15  drops  of  0.05  M  cupric  nitrate 
and  the  solution  titrated  with  0.05  M  mercuric  nitrate  until  the  blue  color  of  the  solution  vanished  and  the  solution 
became  colorless.  Acetic  acid  was  added  in  order  to  dissolve  any  precipitate  which  might  be  formed  in  a  neutral 
solution. 

When  diphenylcarbazone  was  used  as  the  indicator,  titration  was  carried  out  without  addition  of  acetic  acid. 
To  the  aqueous  test  solution  of  the  thiosemicarbazide  was  added  10-15  drops  of  a  2<^  alcoholic  solution  ofdiphenyl- 
carbazone,  and  the  solution  titrated  with  mercuric  nitrate  solution  until  the  solution  acquired  a  violet  color.  A 
serious  drawback  in  these  titrations  is  the  appearance  at  the  end  point  of  a  turbidity  which  can  lead  to  over -titra¬ 
tion. 

During  determination  of  thiosemicarbazide  with  mercuric  nitrate  solutions  of  varying  concentrations,  it  was 
established  that  the  best  and  most  consistent  results  are  obtained  when  0.05  M  mercuric  nitrate  solution  is  used. 
When  less  concentrated  mercuric  nitrate  solutions  are  used,  the  color  of  the  solution  at  the  end  point  is  not  so 
clear-cut  and  it  is  more  difficult  to  establish  the  end  point. 

The  results  obtained  are  presented  in  Table  2. 
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Determination  of  Aryl-  and  Diarylthlosemicarbazldes.  The  quantitative  determination  of  aryl-  and 
diary Ithiosemicarbazldes  was  carried  out  under  the  same  conditions  as  those  used  for  the  determination  of  thlo- 
semlcarbazide,  the  only  difference  being  that  1-phenylthiosemicarbazide  was  dissolved  in  70-80®7r  acetic  acid, 
and  the  diarylthlosemicarbazldes  were  dissolved  in  90-98«/o  acetic  acid. 

During  titration  of  1-phenylthlosemlcarbazide,  1,  4-diphenylthiosemicarbazide  and  1 -phenyl -4 -ortho - 
tolylthiosemlcarbazide,  and  blue  or  blue-green  color  of  the  solution  changed  to  yellow,  while  during  titration  of 
1 -phenyl -4 -anisylthiosemicarbazide  the  color  changed  to  orange.  In  order  to  avoid  over-titrating,  the  last  ml  of 
mercuric  nitrate  solution  should  be  added  slowly  over  an  interval  of  several  seconds  with  careful  stirring.  1-2 
drops  of  indicator  (0.05  M  cupric  nitrate)  should  be  taken  for  10-20  ml  of  the  acetic  acid  solution  of  aryl-  and 
diary  Ithiosemicarbazldes  being  titrated.  Large  amounts  of  cupric  nitrate  render  establishment  of  the  point  at 
which  the  color  of  the  solution  changes  difficult. 

The  working  solutions  of  mercuric  nitrate  used  for  determination  of  aryl-  and  diarylthlosemicarbazldes  may 
have  a  molarity  of  0.05-0.02  M. 

The  experimental  results  are  given  in  Table  3. 

Determination  of  1 -phenylthiosemicarbazide  in  the  presence  of  diphenylcarbazone  as  indicator  was  carried 
out  under  the  following  conditions.  A  0.01-0,005  M  solution  of  1-phenylthiosemicarbazide  was  prepared  by  dis¬ 
solving  an  aliquot  of  the  preparation  in  a  20-25ofr  aqueous  alcohol  mixture  on  heating.  To  20-25  ml  of  the  test 
solution  was  added  10-15  drops  of  a  2<yo  alcoholic  solution  of  diphenylcarbazone  and  the  solution  titrated  with 
mercuric  nitrate  until  a  violet  color  was  obtained.  During  the  determination  of  41.75,  33.40,  41.75,  20.9,  and 
20.9  mg  of  1-phenylthiosemicarbazide  the  following  amounts  were  found:41.85,  33.30,  41.90,  21.00,  and  21.00  mg. 

SUMMARY 

Conditions  have  been  established  for  the  quantitative  determination  of  thiosemicarbazlde,  aryl-,  and  diaryl- 
thiosemicarbazides  by  titration  with  mercuric  nitrate  in  the  presence  of  cupric  salts  as  an  indicator. 

It  has  been  demonstrated  that  1  -phenylthiosemicarbazide  can  be  titrated  with  a  mercuric  nitrate  solution 
using  diphenylcarbazone  as  indicator. 
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The  physicochemical  principles  of  titration  in  nonaqueous  media  have  been  the  subject  of  study  since  the 
twenties  of  the  present  century  [1-11].  In  the  period  1922-1946  not  more  than  50  papers  were  published  on  the 
practical  application  of  titration  in  nonaqueous  media;  these  have  been  devoted  in  the  main  to  weak  acids  and 
bases  [12-17].  Rapid  development  of  the  application  of  these  methods  in  analytical  chemistry  only  really  started 
after  1947  [18-42].*  Kolthoff  [43]  at  the  Analytical  Section  of  the  Union  of  Pure  and  Applied  Chemistry  delivered 
a  paper  on  the  theoretical  principles  of  titration  in  anhydrous  acetic  acid,  and  emphasized  that  processes  in  non¬ 
aqueous  media  should  attract  the  attention  of  chemists  in  general  more  and  more,  particularly  that  of  analytical 
chemists. 

Most  of  the  analytical  work  carried  out  in  the  field  of  nonaqueous  titration  has  been  concerned  with  neutral¬ 
ization  reactions,  and  reactions  of  acids  and  bases,  on  the  strength  of  which  it  is  possible,  according  to  Bronsted’s 
theory  [4,  5,  6]  to  modify  the  solvent  within  fairly  wide  limits. 

Neutralization  Reactions 

We  have  used  potentiometric  titration  in  nonaqueous  media  since  1953  as  one  of  the  methods  for  analyzing 
organic  mixtures  when  the  color  change  of  the  indicator  is  not  clear.  We  used  as  reference  electrode  [44]  a  silver 
chloride  electrode  in  a  5%  solution  of  lithium  chloride  in  anhydrous  methanol  for  titration  with  potassium  or  sodium 
methylate  solution,  and  the  same  electrode  in  a  saturated  solution  of  potassium  chloride  in  glacial  acetic  acid  for 
titration  with  a  solution  of  perchloric  acid  in  glacial  acetic  acid.  We  have  used  glass,  antimony,  molybdenum, 
tantalum,  and  other  electrodes  as  indicator  electrodes.  In  addition,  in  many  cases,  titration  can  be  carried  out 
with  two  indicator  electrodes  [45];  the  best  are  glass  and  platinum  electrodes.  The  same  electrodes  can  be  used 
for  titrating  in  glacial  acetic  acid.  It  should  be  pointed  out  that  the  glass,  platinum,  and,  above  all,  the  antimony 
electrodes  are  very  sensitive  to  contamination  of  the  solution,  which  is  very  often  found  in  organic  products.  The 
electrode  is  sometimes  completely  deactivated  and  titration  becomes  impossible.  In  general  it  is  advisable  to 
clean  the  electrodes  carefully  after  titration. 

Determination  of  Bases  and  Acids  in  Neutral  Oils.  Using  the  electrodes  indicated,  we  have  developed  [46, 

47]  methods  for  the  determination  of  phenols  and  acids,  and  also  ammonia  and  natural  bases  in  neutral  fractions 
from  coal  tar.  Separate  determination  of  tenths  and  hundredths  of  a  percent  of  ammonia  and  natural  bases  [46] 
is  carried  out  in  glacial  acetic  acid  by  titration  with  0.1  N  perchloric  acid  in  glacial  acetic  acid.  Under  these 
conditions,  ammonia  gives  the  first  potential  jump,  while  the  natural  bases  give  the  second  jump. 

Determination  of  phenols  and  acid  in  such  oils  can  only  be  carried  out  in  a  dimethylformamide  solution. 
Titration  of  solutions  in  aniline,  pyridine,  and  other  organic  bases  was  tested  but  did  not  give  good  results. 

Analysis  of  Technical  Guanidine  Nitrate.  Modecka  and  myself  [48]  have  developed  a  method  for  the  deter¬ 
mination  of  guanidine  nitrate  in  the  technical  material  which  also  contains  ammonium  nitrate  and  dicyandiamide. 


•  For  a  bibliography  on  analytical  work  on  titration  in  nonaqueous  media  see  J.  Minczewski  and  Z.  Lada, 
Miareczkowanie  potenciometryczne  PWN,  Warsaw,  1957). 
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Titration  of  the  8 -Hydroxy quinolates  of  Copper,  Vanadium,  Uranium,  and  Molybdenum 
Extracted  with  Chloroform.  The  Extracts  were  Titrated  with  a  Solution  of  Divalent  Chro¬ 
mium  Acetate  in  Dioxane 


Metal 

Taken 

mg 

Concentratior 

of  the 

Cr(CH3COO)2 

Amount  of 
Cr(CH3COO)2  solu  - 
tion  used,  ml 

Metal  found, 
mg 

I 

11 

I 

11 

Solution,  N 

I 

II 

■ 

II 

■ 

n 

0,54 

0,015 

0,.55 

_ 

+  1,8 

_ 

V 

0,54 

0,015 

0,53 

— 

—1,8 

— 

0,54 

0,015 

0,53 

— 

—1,8 

— 

0,54 

0,015 

0..54 

— 

Bl 

inn 

0,021 

jm 

+  0.0 

Cu 

0.021 

eKM 

—1,0 

H 

0,021 

H 

Hi 

+  1,5 

0,25 

1,00 

0,016 

0,28 

0,98 

0,23 

0,99 

—8,0 

—1,0 

V 

Cu 

0,21 

0,50 

0,016 

0,29 

0,46 

0,20 

0,47 

—5,0 

—6,0 

0,21 

0,50 

0,016 

0,28 

0,48 

0,22 

0,49 

+5,0 

—2,0 

2,50 

2,44 

—2,4 

u 

2,50 

2,49 

—0,4 

2,50 

2,57 

+2,8 

0,50 

2,50 

0,51 

2,49 

+2,0 

—0,4 

V 

u 

0,50 

1,00 

0,51 

0,99 

+2,0 

—0,0 

0,50 

2,00 

0,49 

2,06 

-2,0 

+3,0 

1,00 

0,99 

-1,0 

Mo 

1,00 

0,98 

—2,0 

1,00 

1,04 

+  4,0 

0,20 

1,00 

0,20 

0,98 

±  0 

—2,0 

V 

Mo 

0,20 

1,00 

0,18 

0,96 

—10,0 

—4,0 

0,20 

1,00 

0,22 

1,05 

+  10,0 

+5,0 

Total  ammonia  and  guanidine  are  determined  by  titrating  an  aliquot  of  the  preparation  dissolved  in  glacial 
acetic  acid  with  perchloric  acid.  A  second  aliquot  is  titrated  in  a  methanol  solution  with  sodium  methylate. 

In  the  latter  case  only  nitric  acid  combined  with  ammonia  and  not  with  guanidine  is  determined.  Dicyandia- 
mide  does  not  interfere  with  either  the  first  or  second  titration.  The  guanidine  content  is  determined  by  differ¬ 
ence.  The  accuracy  and  reproducibility  is  similar  to  that  normally  attainable  in  potentiometric  titration  [491 

Determination  of  Organic  Anhydrides  and  Acids  in  Mixtures.  The  use  of  nonaqueous  titration  permits 
the  possibility  of  determining  the  anhydrides  of  organic  acids  in  mixtures  with  the  acids  [45].  Anhydrides  of 
organic  acids  react  with  sodium  methylate,  a  molecule  of  the  salt  and  a  molecule  of  ester  being  formed.  Anhy¬ 
drides  give  two  molecules  of  acid  or  the  salt  respectively  with  water  or  aqueous  sodium  hydroxide  solution.  This 
means  that  it  is  possible  to  calculate  the  anhydride  content. 

Determination  of  Sodium  and  Potassium.  We  have  used  titration  in  nonaqueous  media  for  determination 
of  sodium  and  potassium  in  die  course  of  their  normal  analysis  [50],  After  separating  them  completely  in  the 
form  of  their  chlorides,  the  latter  are  converted  into  the  acetates  by  means  of  mercurous  acetate.  The  solution 
of  sodium  and  potassium  acetate  in  glacial  acetic  acid  is  then  titrated  with  perchloric  acid,  using  glass  and  calo¬ 
mel  electrodes.  It  is  possible  in  this  way  to  determine  10-100  mg  of  sodium  and  potassium  with  an  accuracy  of 
l-2«?t. 

Redox  Reactions 

Titration  in  nonaqueous  media  has  also  been  used  for  oxidation— reduction  reactions.  Most  of  the  work 
in  this  field  has  been  carried  out  by  Tomicek  et  al.  [23,  34,  26].  They  have  used  solutions  of  bromine,  trivalent 
titanium  chloride,  chromium  trioxide,  sodium  permanganate,  lead  acetate,  chloramine,  and  vanadium  acetate 
in  glacial  acetic  acid  as  titrants. 
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Curves  obtained  during  titration  of  the  8-hydroxyquinolate 
of  quinquevalent  vanadium  in  a  solution  of  ClKTls  +  CHsOH, 
using  as  titrant  a  solution  of  divalent  chromium  acetate  in 
dioxane,  and  using  bimetallic  electrodes. 

Using  extraction  of  the  compounds  of  organic  reagents  with  inorganic  ions,  we  have  shown  that  it  is  pos¬ 
sible  to  carry  out  a  direct  titration  of  some  of  the  complexes  formed,  in  the  medium  of  the  extractant,  not  only 
with  an  aqueous  solution  of  divalent  chromium  sulfate  as  a  reducing  agent  for  determining  Cr^^  and  Fe^®, 
but  also  with  a  solution  of  divalent  chromium  sulfate  in  dioxane  [52,  53], 

Divalent  chromium  acetate  (~  0.03  N)  in  dioxane  is  prepared  as  follows.  An  aqueous  solution  of  divalent 
chromium  chloride  is  added  to  a  saturated  solution  of  sodium  acetate.  The  red,  crystalline  precipitate  is  filtered 
off,  washed  with  water  and  dioxane,  and  then  dissolved  in  dioxane.  All  the  work  is  carried  out  in  a  special  vessel 
in  an  atmosphere  of  Nj.  The  solution  is  stored  in  a  COj  atmosphere. 

All  the  measurements  are  carried  out  with  a’  "Radiometr  pH  M-22'*  pH  meter,  or  with  the  Polish  apparatus 
"Piezoelektronika”.  Titration  is  carried  out  in  a  special  apparatus  similar  to  that  described  by  Zarinskii  [54]. 

We  tried  out  a  calomel— platinum  electrode  as  well  as  bimetallic  electrodes:  graphite,  gold,  platinum, 
tungsten,  and  tantalum.  In  Fig.  3  are  shown  titration  curves  obtained  on  using  various  pairs  of  electrodes  with  the 
8-hydroxyquinolate  of  quinquevalent  vanadium  in  a  chloroform -methanol  mixture,  using  a  solution  of  divalent 
chromium  acetate  in  dioxane  as  titrant.  As  is  evident  from  the  curves,  the  best  electrodes  proved  to  be  the 
bimetallic  electrodes  Pt-Ta,  Au-Ta,  and  also  Pt-C  and  Au-C. 

Determination  of  Copper,  Vanadium,  Uranium,  and  Molybdenum.  To  a  chloroform  solution  of  the 
8 -hydroxyquinolates  of  the  metals  indicated  is  added  2  ml  of  concentrated  sulfuric  acid  and  an  equal  volume  of 
methanol.  Nitrogen  (free  from  oxygen)  is  then  bubbled  through  the  solution,  and  the  mixture  titrated  with  a 
dioxane  solution  of  divalent  chromium  acetate. 
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Under  these  conditions  copper  gives  one  potential  jump  corresponding  to  completion  of  the  reduction 
Cu^/Cu^  When  excess  divalent  chromium  acetate  is  added  to  the  solution,  reduction  to  metallic  copper  proc¬ 
eeds  very  slowly. 

Under  these  conditions  vanadium  gives  two  potential  jumps,  the  first  corres^nds  to  completion  of  the 
reduction  while  the  second  corresponds  to  completion  of  the  reduction  Sexivalent  uranium 

it  only  reduced  to  U*'^  and  gives  one  jump. 

Molybdenum  is  reduced  in  two  stages,  Mo'^^  to  and  then  Mo'^  to  Mo^*^  Two  potential  jumps  are 
observed. 

Separate  titration  of  copper  and  vanadium,  and  of  vanadium  and  uranium  is  possible. 

SUMMARY 

The  article  is  devoted  to  a  review  of  titration  of  acids,  bases,  and  reducing  materials  in  nonaqueous  media. 
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The  development  of  a  precision  mass  spectrometric  method  for  recording  the  isotopic  ratios  of  light  ele¬ 
ments  from  the  gaseous  phase  for  samples  of  natural  origin  has  been  the  subject  of  previous  articles  [1,  21.  The 
suggested  two-channel  glass  system  makes  it  possible  by  means  of  magnetically  operated  valves  to  introduce,  in 
succession,  the  sample  and  then  the  standard  into  the  ion  source.  This  enables  one  to  compare  the  isotopic  com¬ 
position  of  two  gases,  and  to  record  the  difference  between  their  isotopic  ratios  automatically  on  the  recorder 
tape. 

The  two-channel  system  has  now  been  essentially  improved  as  a  result  of  which  it  has  become  more  com¬ 
pact  and  is  more  universal  in  its  applications. 

Two  glass  diaphragms  with  openings  of  ~  50  p  each  were  fitted  into  the  feeding  channels  of  the  two-chan¬ 
nel  system. 

The  fractionating  effect  of  the  diaphragm  was  investigated  before  carrying  out  the  research.  The  experi¬ 
mental  procedure  was  as  follows.  The  same  gas  was  introduced  simultaneously  into  both  of  the  feeding  channels 
and  the  isotopic  ratios  of  its  masses  recorded  by  successive  switching  of  the  valves.  Naturally,  in  this  case,  the 
isotopic  ratios  for  the  masses  of  the  same  gas  introduced  into  the  mass  spectrometer  through  two  channels  were 
the  same. 

The  gas  was  then  removed  from  one  of  the  channels  by  means  of  a  diffusion  pump,  while  the  gas  was 
allowed  to  stay  in  the  other  channel  throughout  the  experiment.  After  a  certain  time  the  gas  which  had  been 
under  test  was  compared  with  a  fresh  portion  of  the  same  gas  in  order  to  establish  the  distribution  which  had 
occurred  in  its  isotopes  on  passing  through  the  diaphragm.  This  was  repeated  several  times. 

TABLE  1 

Fractionation  of  Sulfur  Isotopes  on  Passing  Through  a 

Diaphragm  of  ~  50  p 


In  leakage  time  of  SO2  from 
the  feeding  channel  into  the 
mass  spectrometer 

V'eighting  (gain  in  weight) 
of  S*V  as  a  percentage  of 
the  original 

0 

0 

1  hr  45  min 

0.08 

3  "  20  " 

0.14 

4  "  43  • 

0.17 

5  "  5  " 

0.2 

6  "  30  " 

0.25 

9  • 

0.33 
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TABLE  2 


TABLE  3 


Mass  Intensities  Corresponding  to  the  Less  Minimum  Volumes  of  the  Gases  Being 

Abundant  Isotope  for  the  Same  Pressure  of  Tested  which  can  be  Used  for  Recording 

the  Gases  in  Front  of  the  Diaphragm  the  Isotopic  Ratios 


Test 

gas 

SO, 

r.Oj 

CO 


Test 

gas 

Ion 

Volumes  of  the 
test  gas,  cm® 

CO 

CO*^ 

0,0 

CO, 

a)  CO,+ 

0,28 

b)  CO+ 

3,2 

SO, 

a)  SO,+ 

o,o;i 

bl  SO- 

0,001 

It  is  clear  from  Table  2  that  on  passing  through  the  diaphragm  its  isotopic  composition  becomes  heavier  at 
an  average  rate  of  0.04<’/i,per  hour.  Since  such  enrichment  occurs,  each  sample  in  turn  should  be  compared  with 
a  fresh  standard.  For  certain  gases,  particularly  CO,  as  will  be  shown  later,  this  is  a  particularly  important  factor. 

Establishment  of  the  relation  between  the  intensities  of  the  ion  currents  and  the  pressure  of  the  test  gases  in 
the  channel  of  the  feeding  system  was  necessary,  because  in  a  number  of  cases  the  volumes  of  the  gases  at  our 
disposal  were  very  small,  particularly  CO,  and,  accordingly,  it  was  necessary  to  reduce  to  a  minimum  the  para¬ 
sitic  volumes  in  the  feeding  system.  On  the  other  hand,  recording  of  variations  in  the  isotopic  composition  of  the 
light  elements  in  the  case  of  natural  objects  requires  that  the  minimum  amount  of  test  gas  be  present  so  as  to 
obtain  the  requisite  intensity  of  the  mass  peaks.  The  values  of  the  ion  currents  of  the  less  abundant  masses 
30  (CO^),  46  (CO,"*^),  60,  (SO^),  66,  (SO,  +)  during  recording  of  the  ratios  of  the  corresponding  pairs  of  isotopes 
with  an  accuracy  of  *  0.02  should  be  of  the  order  of  400-4.60  mv. 

The  experimental  procedure  was  as  follows.  SO,,  CO,,  and  CO  as  the  gases  were  separately  introduced 
into  the  feeding  channels  in  such  amount  that  their  pressure  in  front  of  the  diaphragm  was  the  same  in  each  case 
and  equal  to  8  x  10*’  mm  Hg.  When  this  pressure  was  attained  the  values  of  the  mass  peaks  corresponding  to  the 
less  abundant  isotopes  were  recorded.  It  was  established  that  their  intensity  differed,  on  the  one  hand,  because 
of  differences  in  the  distribution  of  and  O**  isotopes;  while  on  the  other  hand  if  was  observed  that  there  is  a 
relation  between  the  value  of  the  ion  current  and  the  mass,  i.e.,  there  is  a  different  ionization  capacity  for  CO,, 
SO,,  and  CO  molecules.  Results  of  these  measurements  are  given  in  Table  2. 

In  order  to  carry  out  a  single  state  comparison  of  the  isotopic  composition  of  oxygen  it  was  necessary  to 
have  about  0.6  cm’  of  CO  under  conditions  such  that  the  parasitic  volumes  in  the  feeding  system  were  reduced 
to  a  minimum.  Using  the  results  given  in  Table  2  it  is  possible  to  calculate  the  minimum  volumes  of  other  gases 
both  for  the  main  masses  as  well  as  for  the  fission  masses.  The  results  obtained  are  given  in  Table  3. 

As  already  noted  it  is  necessary  to  have  about  0.6  cm’  CO  in  order  to  carry  out  an  analysis.  In  this  con¬ 
nection  it  should  be  borne  in  mind  that  carbon  monoxide,  in  contrast  to  CO,  and  SO,,  is  not  condensed  by  liquid 
air,  and,  accordingly,  it  is  difficult  to  have  it  in  an  ampoule  larger  than  that  shovvn  in  Table  3.  These  results 
served  as  a  basis  for  constructing  a  new  feeding  system . 

A  Three-Channel  Feeding  System.  A  two-channel  feeding  system  is  not  efficient  enough  since,  in  order  to 
compare  the  isotopic  composition  of  each  sample  taken  in  order,  it  is  necessary  to  introduce  each  time  into  the 
second  feeding  canal  a  fresh  portion  of  standard  gas,  since  the  isotopic  composition  of  the  previous  portion  has 
changed. 

Bearing  this  in  mind,  and  also  wishing  to  Increase  the  output  of  the  set  up  during  mass  analysis,  a  three - 
channel  feeding  system  has  been  suggested  in  which  parasitic  volumes  have  been  reduced  to  a  minimum,  and 
accordingly  the  maximum  utilization  factor  of  the  test  gas  has  been  achieved  The  amount  of  the  standard  gas 
used  up  has  been  cut  in  half  compared  with  that  used  in  the  two-channel  variant  of  the  feeding  system. 
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To  diffusion  pump 


Fig.  1.  Three-channel  feeding  system. 


The  feeding  system  was  prepared  from  glass  mounted  on  a  metal  frame,  and  fitted  onto  the  face  plate  of 
the  vacuum  part  of  the  mass  spectrometer. 

Pumping  down  to  the  prevacuum  pressure  was  carried  out  by  the  same  pump  as  that  used  for  evacuating  the 
mass  spectrometer.  The  high  vacuum  in  the  feeding  system  was  established  by  a  separate  mercury  diffusion  pump. 

The  feeding  system  (Fig.  1)  consists  of  many  sections:  1)  evacuated  chambers  for  introducing  the  ampoules 
containing  the  test  gases;  2)  chambers  in  which  is  placed  the  acid  for  reacting  with  carbonates  for  CO2  preparation; 
3)  a  special  attachment  for  small  volumes  of  test  gases  (for  CO  and  nitrogen  samples).  During  the  experiments 
these  gases  are  introduced  into  the  feeding  channels  along  the  shortest  path  by  rotating  the  dosage  taps  mounted 
into  the  attachment;  4)  traps  for  freezing  out  samples  of  CO2  and  SO2  gases  and  for  storing  them  prior  to  analysis; 
5-6)  dosage  taps  for  introducing  into  the  feeding  channel  the  test  gases  jwhich  up  to  that  point  had  been  stored  in 
traps  4;  7)  the  three  feeding  channels;  8)  valve  system;  Dj,  D2  and  Dg  are  glass  diaphragms  with  a  diameter  of 
50  fi  each. 
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Sample  II Sample  I 


Fig.  3.  Examples  of  recordings  of  the  isotopic  ratios  of  oxygen  for  two  sam¬ 
ples  and  a  standard. 

The  valve  system  is  shown  in  more  detail  in  Fig.  2  (the  solenoid  coils  are  not  shown).  As  is  shown  in  the 
diagram  a  pair  of  valves  is  fitted  onto  the  output  of  each  channel  along  which  the  test  gas  passes.  Their  importance 
becomes  clear  when  it  is  borne  in  mind  that  each  of  the  three  gases  to  be  compared  should  pass  separately  into  the 
ion  source  without  mixing  with  one  another,  so  that  its  isotopic  composition  is  not  distorted.  Let  us  trace  the  move¬ 
ment  of  the  gases  in  the  case. for  example. where  sample  I  passes  into  the  mass  spectrometer.  During  the  time  that 
the  three  coils  are  switched  on  and  valves  la,  2,  and  3  are  lifted  into  their  sockets,  1,  2a,  and  3a  are  left  closed. 

As  can  be  seen  from  the  diagram,  in  this  position  of  the  valves,  sample  I  passes  into  the  ion  source  of  the  mass 
spectrometer,  while  the  standard  and  sample  n  are  pumped  out  by  die  diffusion  pump  of  the  feeding  system. 

After  recording  the  isotopic  ratio  of  sample  I,  the  valves  are  switched  over,  and  the  standard  passes  into  the 
apparatus,  while  samples  I  and  II  are  pumped  out,  etc. 

In  Fig.  3  is  shown  the  recording  of  the  isotopic  ratios  for  three  gases  which  are  being  compared,  on  the 
recorder  tape.  The  difference  between  o’Vo’^tandard  o’Vo'*  for  samples  II  and  I  amounts  to  0.03  and 
0.14<7o/espectively.  That  the  test  gases  do  not  mix  with  each  other  is  guaranteed  by  the  fact  that  the  contacts 
between  the  valves  in  the  feeding  system  and  their  sockets  are  ground  joints,  by  the  constant  pumping  out  of 
gases  which  at  a  given  moment  are  not  being  analyzed,  by  means  of  the  diffusion  pump  of  the  feeding  System, 
and  by  the  low  pressure  of  the  test  gases  in  the  valves. 

SUMMA  RY 

A  study  has  been  made  of  the  fractionation  of  isotopes  which  occurs  when  a  gas  flows  through  a  glass  dia¬ 
phragm  fitted  into  the  channel  of  the  feeding  system.  The  minimum  volumes  of  gases  have  been  established 
which  are  required  in  order  to  get  ion  currents  which  are  sufficient  for  recording  the  changes  in  the  isotopic  com¬ 
position  of  natural  gases. 

A  description  is  given  of  the  construction  of  a  three-channel  feeding  system  which  permits  simultaneous 
comparison  of  two  samples  with  a  standard. 
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Quantitative  determination  of  the  ortho-,  meta-,  and  para-isomers  in  benzene  derivatives  by  physical  meA- 
ods  is  exceptionally  difficult  on  account  of  the  similarity  of  the  physicochemical  constants  of  these  components. 
Separation  by  chemical  methods  by  means  of  sulfanilic  acids  [1],  by  means  of  the  compounds  of  the  alkylbenzenes 
with  phthallc  anhydride,  and  by  separation  of  the  corresponding  keto  acids  [2]  by  the  isotope  dilution  method  [3], 
or  the  sulfonamide  derivatives  [4]  are  difficult,  and  require  a  considerable  amount  of  time  to  carry  them  out.  Ac¬ 
cordingly,  it  is  very  expedient  to  use  the  method  of  infrared  absorption  spectra. 

As  Kaye  and  Otis  have  shown,  taking  xylene  isomers  as  an  example  [5],  the  infrared  absorption  spectra  of 
the  ortho-,  para-,  and  meta -derivatives  of  benzene  differ  sufficiently  from  each  other,  and,  accordingly,  they 
can  be  used  for  analytical  purposes. 

In  the  work  described  here  we  used  the  method  of  absorption  spectrophotometry  in  the  infrared  for  the 
quantitative  determination  of  ortho-,  meta-,  and  para-cymenes  and  ortho-,  meta-,  and  pa ra-tert -butyl  toluenes 
in  the  presence  of  each  other. 

Specially  purified  carbon  disulfide  was  used  as  the  solvent  in  our  work  [6]. 

The  cells  were  made  from  sylvite  (potassium  chloride)  with  a  layer  thickness  of  0.09  cm.  Calibration 
consisted  in  determining  the  absorption  coefficients  of  each  aromatic  compound  for  each  wavelength  used  in  the 
analysis.  Ortho-,  meta-,  and  para-cymenes  and  tert -butyltoluenes  were  used  for  the  calibration  Para-cymene 
was  obtained  by  a  double  distillation  of  the  technical  product  in  a  distillation  column  of  17  theoretical  plates. 

The  meta-cymene  was  prepared  by  the  Grignard  reaction  by  the  interaction  of  magnesium  bromo  meta-tolyl  with 
isopropylbromide  [7].  Ortho-cymene  was  prepared  by  the  WOrtz-Wittig  reaction  by  the  interaction  of  ortho- 
bromotoluene  with  isopropylbromide  and  sodium  [8].  Para -tertiary  butyltoluene  was  obtained  from  magnesium 
bromo -para -tolyl  and  tertiary  butylbromide  by  the  Grignard  reaction  [9],  while  meta-  and  ortho-tertiary -butyl- 
toluenes  were  prepared  in  a  similar  fashion  from  the  corresponding  magnesium  bromotoluenes  [9]. 

The  absorption  spectra  of  the  substituted  benzene  isomers  studied  are  given  in  Figs.  1  and  2.  The  charac¬ 
teristics  of  these  hydrocarbons  are  given  in  Table  1.  From  Figs.  1  and  2  it  is  evident  that  the  spectra  of  the 
aromatic  hydrocarbons  differ  significantly  from  each  other.  For  determination  of  ortho-,  meta-,  and  para-cymenes 
the  most  suitable  wavelengths  for  analytical  purposes  proved  to  be  (inp):  12,28j  12.78;  13.21,  while  for  ortho-, 
meta-,  and  para-tertiary  butylbenzenes  they  were  found  to  be  12.24;  12.75;  13.17  p. 

The  apparatus  was  calibrated  as  follows:  the  optical  density  of  each  of  the  aromatic  compounds  was  meas¬ 
ured  at  the  chosen  wavelength  in  solution  in  carbon  disulfide  at  suitable  dilutions,  and  the  extinction  coefficients 
calculated. 
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TABLE  1 

Refractive  Indices  of  the  Test  Materials 


Compound 


Para  -cymene 
Meta-cymene 
Ortho-cymene 
Para -tertiary  butyl- 
toluene..  .  , 

Meta -tertiary  butyl - 
toluene  .  .  , 

Ortho -tertiary  butyl - 
toluene 


n 


20 

D 


found 


published  values 


1,4909 

1,4930 

1,4989 


1,4908[101 

1,4922(11J 

1,5000(12] 


1,4920 


1,4936(13] 


1,4946  1,4946(13] 

1,5067  1,5077(14] 


Fig.  1.  Absorption  spectra  of  the  individual  cymene 
isomers. 


Fig.  2.  Absorption  spectra  of  the  individual  tertiary 
butyltoluene  isomers. 


The  results  obtained  (Tables  2  and  3)  show  that  the  extinction  coefficients  observed  depend  on  the  concen¬ 
tration.  This  is  explained  by  the  fact  that  it  is  a  narrow  part  of  the  spectrum  that  passes  through  the  outlet  slit 
of  the  spectrometer  and  not  a  strictly  monochromatic  beam.  The  insufficiently  monochromatic  character  of  the 
beam  falling  on  the  indicator  determines  the  apparent  deviation  from  the  Bougere-Lambert-Beer  law,  which  is 
strictly  observed  only  in  the  case  of  monochromatic  radiation  [15]. 

The  method  of  successive  approximation  was  used  in  one  form  or  another  for  determination  of  the  concen¬ 
trations  of  the  components.  The  method  used  was  that  adopted  by  Kaye  and  Otis  [5]  for  analyzing  mixtures  of 
xylene  isomers.  As  an  example,  the  analysis  of  mixtures  of  ortho-,  meta-,  and  para-cymenes  is  considered.  The 
optical  density  of  the  test  mixture  was  measured  at  12.28,  12.78,  and  13.21  p.  Using  the  mean  value  of  the 


TABLE  2 

Extinction  Coefficients  of  Ortho-,  Meta-,  and  Para-Cymenes  at  Various  Wavelengths  in 
Carbon  Disulfide 


Para- 

cymene 

Meta  -cymene 

Ortho-cymene 

con^^n - 

tration. 

wavelength. 

o-_-iicen- 

tfcitioiif 

wavelength. 

CsjD.- 

eentia= 

wavel 

i-igth. 

12,28 

12,78 

13,21 

12,28 

12.78 

13,21 

12,28 

12,78 

13,21 

1,82 

3,38 

1,64 

1,64 

1,89 

1,51 

2,49 

1,77 

1,85 

1,34 

1,37 

3,41 

2,50 

2,61 

1,22 

1,33 

3,19 

0,99 

1,74 

1,13 

2,39 

1,21 

1,23 

2,97 

3,33 

2,10 

0,96 

1,04 

4,27 

0,81 

1,50 

0,90 

3,25 

0,95 

0,99 

2,32 

4,94 

1,57 

0,67 

0,74 

5,69 

0,64 

1,29 

0,73 

4,02 

0,82 

0,86 

1,96 

6,50 

1,33 

0,57 

0,60 

6,59 

0,58 

1,15 

0,65 

5,17 

0,76 

0,79 

1,65 

7,94 

1,16 

0,49 

0,52 

7,98 

0,49 

1,03 

0,54 

6,07 

0,70 

0,74 

1,52 

9,00 

1,06 

0,45 

0,49 

8,72 

0,46 

0,97 

0,50 

7,02 

0,68 

0,72 

1,43- 

10,50 

0,93 

0,40 

0,44 

10,27 

0,39 

0,87 

0,43 

8,10 

0,66 

0,66 

1,34 
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TABLE  3 

Extinction  Coefficients  of  Ortho-,  Meta-,  and  Para-Tertiary  Butultoluenes  at  Various  Wave¬ 
lengths 


Para 

Meta  1 

Ortho 

concen¬ 

tration. 

wavelength, 

M 

concen- 

wavelength, 

u 

:on- 
:entra  • 

wavelength. 

j 

% 

12.24 

12,75 

13,17 

% 

12.24  1 

12,75  1 

13.17 

ion,<7o 

12.24  1 

12.75 

13.17 

1.21 

3,54 

1,63 

1,83 

1,62 

1,17 

2,18 

1,22 

1,23 

1,3/1 

1,30 

2,19 

2,05 

2,63 

1,09 

1,10 

1,78 

1,16 

2,12 

1,20 

1,56 

1,33 

1,28 

2,10 

2,16 

2,59 

0,97 

1,04 

2,47 

1,09 

1,80 

0,92 

2,03 

1,09 

1,05 

1,83 

2,50 

4,46 

0,87 

0,91 

3,01 

0,76 

1,69 

0,83 

2,61 

0,87 

0,86 

1,53 

3,61 

2,04 

0,63 

0,65 

3,19 

0,73 

1,63 

0,79 

2,79 

0,85 

0,85 

1 ,52 

3,82 

1,96 

0,60 

0,61 

3,97 

0,60 

1,44 

0,72 

4,30 

0,55 

0,54 

1.21 

4,35 

1,85 

0,53 

0,54 

5,16 

0,50 

1,29 

0,60 

5,77 

0,43 

0,42 

1,02 

5,14 

1,57 

0,43 

0,44 

7,44 

0,33 

1,00 

0,50 

8,08 

0,32 

0,32 

0,86 

6,25 

1,52 

0,39 

0,39 

8,82 

0,31 

0,97 

0,45 

9,63 

0,28 

0,18 

0,79 

TABLE  4 

Results  of  the  Analysis  of  Synthetic  Mixtures  of  Ortho-,  Meta-,  and  Para-Cymenes 


Para,  % 

Ortho,  % 

Meta,  % 

taken 

found 

absolute 

error 

taken 

found 

absolute 

error 

taken 

found 

absolute 

error 

47,14 

47,40 

-f0,26 

53,85 

53,60 

—0,26 

0,00 

0,00 

0,00 

57,40 

57,80 

+0,40 

6,16 

5,60 

—0,56 

36,44 

36,69 

+0,16 

64,40 

63,70 

—0,70 

7,40 

7,40 

0,00 

28,20 

28,90 

+0,70 

75,40 

76,00 

+0,60 

6,80 

6,60 

—0,20 

17,80 

17,40 

-0,40 

13,30 

14,00 

+0,70 

29,00 

28,60 

—0,40 

57,70 

57,40 

—0,30 

7,50 

7,20 

—0,30 

70,40 

71,10 

+0,70 

22,10 

21,70 

—0,40 

23,50 

22,30 

-1,20 

2,50 

2,90 

+0,40 

74,00 

74,80 

+0,80 

17,00 

16,10 

—0,90 

13,00 

14,50 

+1.50 

70,00 

69,40 

—0,60 

85,00 

85,70 

+0,70 

10,00 

9,56 

-0,44 

5,00 

4,74 

—0,26 

88,90 

89,20 

+0,30 

0,00 

0,00 

0,00 

11,10 

10,80 

-0,30 

TABLE  5 

Results  of  the  Analysis  of  Synthetic  Mixtures  of  Ortho-,  Meta-,  and  Para-Tertiary 
Butyltoluenes 


Para,  <’}o  | 

Ortho,  % 

Meta,  % 

taken 

found 

absolute 

error 

taken 

found 

absolute 

error 

taken 

found 

absolute 

error 

65,60 

64,80 

+0,80 

34,40 

35,20 

+0,80 

0,00 

0,00 

0,00 

24,00 

24,40 

+0,40 

0,00 

0,00 

0,00 

76,00 

75,60 

—0,40 

52,90 

54,00 

+1.10 

13,70 

13,00 

-0,70 

33,40 

33,00 

—0,40 

77,00 

76,70 

—0,30 

7,00 

6,10 

—0,90 

16,00 

17,20 

+1,20 

30,00 

30,70 

+0,70 

65,00 

65,30 

+0,30 

5,00 

4,00 

—1,00 

43,90 

44,95 

+  1.05 

38,70 

38,20 

-0,50 

17,40 

16,85 

—0,55 

31,80 

33,60 

+1.80 

20,00 

19,10 

—0,90 

48,20 

47,30 

—0,90 

31,00 

32,00 

+1.00 

7,70 

8,50 

+0,80 

61,30 

61,50 

+0,20 

8,00 

8,20 

+0,20 

52,00 

52,25 

+0,25 

40,00 

39,55 

—0,45 

12,00 

12,35 

+0,35 

80,00 

78,95 

—1,05 

8,00 

8,70 

+0,70 
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extinction  coefficient  of  the  isomers  at  these  wavelengths,  three  equations  of  the  following  type  were  made  up: 
Dcm  =  (^1^1  *  hjC]  +  kjCs)  x;ki,  kjandkj  are  the  extinction  coefficients  of  the  individual  components;  C|,  C|, 
and  C3  are  their  concentrations;  and  x  is  the  layer  thickness. 

By  solving  the  equations  obtained  with  respect  to  the  concentrations,  approximate  values  of  the  concentra¬ 
tions  of  the  ortho-,  meta-,  and  para-cymenes  were  determined.  Three  further  equations  were  made  up,  but  this 
time  the  values  of  the  extinction  coefficients  taken  from  Tables  2  and  3  for  the  corresponding  concentrations 
found  were  introduced  into  the  equations. 

The  new  set  of  equations  were  then  solved  again  with  respect  to  the  concentrations.  Since  the  values  of 
the  extinction  coefficients  used  approximated  to  the  true  values,  the  values  found  for  the  concentrations  were  also 
appreciably  close  to  the  true  value. 

The  method  developed  has  been  checked 'on  synthetic  mixtures  of  the  appropriate  hydrocarbons  at  various 
concentrations  in  carbon  disulfide.  The  results  obtained  are  given  in  Tables  4  and  5. 

An  analysis  of  a  three-component  mixture  does  not  take  more  than  1-3  hours. 

SUMMARY 

Infrared  absorption  spectrophotometry  has  been  used  for  the  analysis  of  ortho-,  meta-,  and  para-cymenes, 
and  the  tertiary  butyltoluenes. 

The  mean  relative  error  for  the  determination  of  the  individual  components  in  a  three-component  mixture 
of  the  para-,  meta-,  and  ortho-cymenes  is  l.S-2%,  while  for  a  three  component  mixture  of  the  para-,  meta-,  and 
ortho -tertiary  butyltoluenes,  this  error  is  2-3<’Jr. 
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Ahrens  [1,  2]  determined  the  age  of  lepidolites  by  the  calcium  method  and  observed  that  lepidolite  is  the 
most  suitable  object  for  the  calcium  method,  since  this  mineral  is  very  poor  in  nonradiogenic  calcium.  As  a 
result  of  experimental  difficulties  the  calcium  method  has  not  been  developed.  In  1957  Polevaya,  Titov,  Belyaev, 
andSprintsson  [3]  asopted  the  calcium  method  for  determining  the  absolute  age  of  sylvines;  they  developed  a  new 
technique  for  isolating  calcium  from  sylvines  and  obtained  interesting  results.  The  results  obtained  for  a  series 
of  samples  coincide  well  with  respect  to  the  independent  ratios  Ar^/K^  and  Ca^®/K^.  The  authors  concluded  that 
the  calcium  method  can  serve  as  a  good  control  for  the  argon  method.  The  present  article  is  devoted  to  the  devel¬ 
opment  of  a  method  for  separating  calcium  from  lepidolite  and  muscovite.  According  to  Ahrens’  scheme  [1,  2] 
hydrofluoric  acid  and  absolute  alcohol  are  necessary  for  the  separation.  It  is  known,  however,  that  commercial 
hydrofluoric  acid  contains  up  to  15  y  Ca  per  ml,  and  even  distillation  of  the  acid  does  not  give  a  product  of  suf¬ 
ficient  purity.  Preparation  of  absolute  alcohol  also  requires  special  operations.  Accordingly,  we  refrained  from 
using  these  reagents.  We  used  pyrophosphoric  acid,  which  was  pure  as  far  as  calcium  was  concerned,  for  decom¬ 
posing  lepidolite  and  muscovite. 

The  method  of  determining  silicon  dioxide  in  the  presence  of  silicates  by  means  of  pyrophosphoric  acid 
[4,  5]  is  widely  used  at  present.  We  used  phosphoric  acid  for  decomposing  silicon  containing  samples. 

Isolation  of  Calcium  and  Potassium.  After  bringing  the  samples  into  solution,  the  question  arises  of  separat¬ 
ing  microgram  amounts  of  calcium  from  a  large  amount  of  accompanying  elements.  The  oxalate,  fluoride,  and 
other  precipitation  methods  could  not  be  used  in  view  of  the  exceptionally  low  calcium  concentrations.  Accord¬ 
ingly,  for  such  a  separation,  we  used  a  chromatographic  method  [6,  7],  The  cation  exchange  resin  KU-2  In  die 
H-form  was  used.  On  passing  the  test  solution  through  a  column  of  ion  exchange  resin,  cations  are  adsorbed  on 
the  resin,  while  the  anions  pass  into  the  filtrate.  This  makes  it  possible  to  separate  phosphoric  and  silicic  acids 
Immediately.  Subsequent  washing  with  ammonia  removes  aluminum.  Further  washing  with  hydrochloric  acid 
of  various  concentrations  permits  quantitative  isolation  and  separation  of  potassium  and  calcium,  potassium  being 
eluted  with  0.4  N  hydrochloric  acid,  while  calcium  is  eluted  with  3-4  N  hydrochloric  acid. 

In  order  to  obtain  reliable  results,  a  study  was  made  of  the  effect  of  various  factors  on  die  extent  of  the 
separation  of  potassium  and  calcium  and  on  the  purity  of  these  elements;  a  check  was  also  made  on  the  relation 
between  the  adsorption  of  calcium  and  the  phosphoric  acid  concentration  (Table  1).  The  yield  of  calcium  and 
potassium  was  controlled  by  means  of  radioactive  indicators. 

The  effect  of  the  phosphoric  acid  concentration  on  the  adsorption  of  calcium  on  the  column  was  studied 
with  the  aid  of  pure  calcium  salts  (  a  =  10  mm,  h  =  130  mm,  5  g  of  KU-2).  From  the  results  given  In  Table  2, 

It  Is  clear  that  calcium  is  readily  adsorbed  in  the  phosphoric  acid  concentrations  range  studied. 


183 


TABLE  1 

The  Relation  between  Calcium  Adsorption  and  Phosphoric  Acid  Concentration 


rtiosphoric 
acid  conc.,% 

Ca  taken, 
mg 

Ca  found, 
mg 

Differ¬ 
ence,  mg 

Phosphoric 
acid  conc.,% 

Ca  taken, 

mg 

Differ¬ 
ence, mg 

5 

0,95 

0,97 

-t-0,02 

18 

0,95 

0,98 

+0,03 

0,95- 

0,93 

-0,02 

0,95 

0,95 

0 

9 

0,95 

0,97 

+0,02 

18 

0,95 

0,97 

+0,02 

0,95 

0,93 

-0,02 

0,95 

0,92 

—0,03 

14 

0,95 

0,95 

0 

22 

0,95 

0,93 

—0,02 

0,95 

1,10 

+0,15 

0.95 

0,93 

—0,02 

15 

0,95 

0,97 

+0,02 

0,95 

0,99 

+0,04 

Fig.  1.  Effect  of  the  rate  at  which  the  solu¬ 
tion  is  passed  through  the  column  on  the  ad¬ 
sorption  of  calcium  by  the  KU-2  cation  ex¬ 
change  resin. 


Fig.  2.  Elution  curves  for  the  radioactive  isotope 
Ca*®  on  the  KU-2  cation  exchange  resin,  on  wash¬ 
ing  with  varying  volumes  of  hydrochloric  acid  with 
varying  concentration. 


It  is  clear  from  Fig.  1  that  the  rate  at  which  the  phosphoric  acid  passes  through  the  column,  apparently 
affects  the  adsorption  of  calcium.  Adsorption  on  the  column  clearly  decreases  with  increasing  throughput  of  the 
acid.  Obviously  the  rate  at  which  the  acid  is  passed  through  the  column  should  not  exceed  2  ml/  minute. 

In  order  to  establish  more  accurately  the  completeness  of  the  isolation,  experiments  were  carried  out  on 
lepidiolite  and  on  a  synthetic  mixture  containing  8.5  g  HsPQ*,  2.29  g  A1(N03)3  •  9H2O,  0.0945  g  KCl,  and  0,0027 g 
CaClj.  The  radioactive  isotope  Ca^  (a  g  -radiator  with  an  energy  of  0.2.54  Mev)  was  used  as  the  indicator.  Meas¬ 
urements  were  made  on  a  torsion  B  -counter.  It  was  first  of  all  necessary  to  establish  the  requisite  concentration 
and  the  volume  of  acid  to  dute  the  calcium  from  the  column.  The  elution  curves  of  the  radioactive  isotope 
Ca^-on  the  KU-2  cation  exchange  resin  on  eluting  with  hydrochloric  acid  of  varying  concentrations  and  volumes 
are  shown  inFig.  2. 

It  is  clear  from  Fig.  2  that  the  volume  of  acid  required  to  elute  the  calcium  decreases  with  increasing  acid 
concentration.  The  best  results  are  obtained  when  the  resin  is  washed  with  150  ml  of  4  N  hydrochloric  acid. 

In  order  to  establish  the  completeness  of  the  separation  of  calcium  from  the  samples  when  the  suggested 
method  is  used,  calcium  whose  Ca^®  activity  was  known  was  added  to  an  aliquot  of  the  sample.  The  final 
filtrates  after  decomposition  of  the  sample,  and  separation  on  a  column,  were  measured  for  their  activity  on  a 
B  -counter. 

It  is  clear  from  Table  2  that  the  yield  exceeds  90%.  The  experiment  on  a  synthetic  mixture  was  also  con¬ 
trolled  by  precipitation  of  calcium  oxalate.  Similar  results  were  obtained. 

Separation  of  Potassium  from  Calcium.  In  the  mass  spectrometric  determination  of  radiogenic  calcium, 
for  establishing  geological  age  by  the  calcium  method,  potassium  interferes  since  it  is  superimposed  on  the  Ca^ 
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TABLE  2 


Ca^®  added,  cpm 

Ca^®  found,  cpm 

Yield,  ojo 

4110  I 

38.50 

94 

4110 

41.50 

100 

67,50 

6180 

91 

67.50 

63.59 

94 

381.5 

370.5 

97 

and  on  KU-2  cation  exchange  resin  on  eluting  the 
column  with  hydrochloric  acid. 

peak.  This  necessitates  complete  separation  of  potassium  and  calcium.  A  number  of  methods  have  already  been 
published  for  separating  potassium  and  calcium  during  mass  spectrometric  analysis.  Polevaya,  Titov.  Belyaev, 
and  Sprintsson  [3]  have  developed  a  method  for  separating  the  total  amount  of  potassium  from  calcium  contained 
in  sylvine,  by  salting  out  with  hydrochloric  acid;  their  yield  of  calcium  exceeded  90<7r>.  The  chromatographic 
method  not  only  permits  separation  of  potassium  and  calcium,  but  also  permits  their  separation  from  most  of  the 
accompanying  elements.  As  indicated  above,  potassium  is  separated  from  calcium  on  the  KU-2  cation  exchange 
resin  by  eluting  with  0.4  N  hydrochloric  acid.  Completeness  of  separation  was  checked  by  means  of  the  radio¬ 
active  isotopes  and  Ca^, taking  lepidolite  as  test  material.  The  results  obtained  are  shown  in  Fig.  3.  The 
amount  of  acid  used  (ml)  for  elution  is  plotted  along  the  abscissa,  while  the  potassium  and  calcium  concentra¬ 
tions  (cpm)  are  plotted  along  the  ordinate.  This  diagram  clearly  shows  that  on  eluting  the  resin  with  hydrochloric 
acid  of  varying  concentrations,  complete  separation  of  potassium  from  calcium  is  achieved. 

The  potassium  yield  is  upwards  of  Ofio/o.  Final  determination  of  potassium  in  the  filtrate  was  carried  out 
either  flame  photometrically,  or  gravimetrically  by  mean  of  magnesium  dipicrylamate.  The  total  calcium 
content  was  determined  polarographically. 

Separation  Procedure.  1  g  of  sample  was  decomposed  in  GO  ml  of  freshly  prepared  pyrophosphoric  acid 
in  a  quartz  beaker  at  a  temperature  not  higher  than  250°,  in  the  course  of  5  minutes.  The  test  solution  was 
cooled  to  room  temperature  and  diluted  with  twice-distilled  water  to  1S0.-200  ml;  the  insoluble,  free  silicic  acid 
was  filtered  off  an  a  glass  filter,  and  the  filtrate  introduced  into  a  column  12  mm  in  diameter  (20  g)  cation  ex¬ 
change  resin  KU-2  in  the  hydrogen  form)  at  the  rate  of  2  ml/ min.  After  all  the  solution  had  passed  through  the 
column,  the  latter  was  washed  with  twice-distilled  water  until  the  filtrate  gave  a  neutral  reaction;  aluminum 
was  then  eluted  off  the  column  with  ammonia  until  the  filtrate  gave  no  reaction  with  alizarin  S  (a  saturated 
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solution  of  ammonia  in  twice-distilled  water  was  used);  the  column  was  then  washed  again  with  twice-distilled 
water  until  the  filtrate  gave  a  neutral  reaction.  Potassium  was  next  eluted  from  the  column  by  400  ml  of  0.4  N 
(distilled)  HCl,  while  calcium  and  the  remaining  cations  were  eluted  from  the  column  with  150  ml  N  HCl. 

After  a  double  precipitation  of  iron  and  manganese  with  ammonia  in  the  presence  of  hydrogen  peroxide,  the 
calcium  in  the  filtrate  was  precipitated  with  oxalate. 

Since  lepidolite  contains  gamma  amounts  of  calcium,  for  its  mass  spectrometric  analysis  it  is  necessary 
to  take  a  sample  of  not  less  than  5  g;  separation  of  calcium  with  oxalate  is  carried  out  in  the  combined  filtrate. 
In  order  to  determine  calcium  isotopes  by  the  dilution  method  developed  by  N.  I.  Polevaya  et  al.,  a  known 
amount  of  the  stable  isotope  is  added  prior  to  decomposition  of  the  sample. 

In  conclusion  we  should  like  to  thank  N.  I.  Polevaya  and  L.  A.  Khristianova  for  their  advice. 

SUMMARY 

A  method  is  suggested  for  isolating  radiogenic  calcium  from  micas  (lepidolite  and  muscovite).  The  sam¬ 
ples  are  decomposed  with  pyrophosphoric  acid.  Isolation  and  purification  from  potassium  are  effected  by  a 
chromatographic  method  using  KU-2  cation  exchange  resin.  The  yield  of  calcium  is  greater  than  90«^.  The 
above  method  is  used  when  the  age  of  micas  is  determined  by  the  calcium  method. 
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For  isolating  the  total  rare  earths  (RE)  from  ores  and  minerals,  use  is  made  of  the  fluoride-oxalate  method 
in  its  different  variants  [1,  21,  in  which  thorium  is  separated  with  pyridine  [3],  potassium  iodate  [4],  and,  less 
frequently,  hydrogen  peroxide  [,5]. 

Results  obtained  previously  with  the  acetonedioxalic  acid  [6.  7]  were  used  as  the  basis  of  our  work.  Sodium 
p -aminosalicylate  was  used  for  separating  thorium  and  other  elements  (zirconium,  titanium)  from  the  rare  earths. 

Precipitation  of  the  Rare  Earths  with  Acetonedioxalic  Acid.  The  rare  earths  are  precipitated  by  oxalate 
ions  at  a  pH  ranging  from  6  [7]  to  0.2-0. 3  N  [1,  2]*with  respect  to  hydrochloric  or  nitric  acids.  The  solubility 
product  of  the  rare  earth  oxalates,  particularly  the  oxalates  of  the  elements  of  the  yttrium  group,  is  compara¬ 
tively  high  [8,  9]. 

The  solubility  of  the  rare  earth  oxalates  under  the  conditions  used  for  their  precipitation  with  calcium 
oxalate  has  not  been  studied  sufficiently. 

Completeness  of  the  precipitation  of  the  rare  earths  was  studied  as  follows.  To  100  ml  of  a  solution  of 
the  rare  earths  with  the  pH  values  given  in  Table  1,  was  added  0.5  rril  of  a  287o  solution  of  calcium  chloride 
(25  mg  Ca*^)  and  15  ml  of  a  solution  of  acetonedioxalic  acid  [7].  The  solution  was  boiled  for  15-20  minutes, 
and  the  precipitate  filtered  on  the  next  day  through  a  "blue  band"  filter,  9  cm  in  diameter.  To  the  filtrate  was 
added  a  solution  of  calcium  chloride  containing  25  mg  Ca*^,  the  whole  was  mixed,  and,  after  five  minutes,  the 
precipitate  was  filtered  off  through  a  "blue  band"  filter.  Total  rare  earths  in  the  first  precipitate  was  determined 
by  the  usual  gravimetric  method  using  a  microbalance  [1,  5],  while  in  the  second  precipitate  they  were  deter¬ 
mined  photometrically  [7]. 

It  is  clear  from  Table  1  that  the  rare  earths  are  not  quantitatively  Isolated  as  their  oxalates  when  only  one 
precipitation  is  carried  out,  while  on  carrying  out  a  double  precipitation  it  is  possible  to  isolate  appreciable 
amounts  of  the  rare  earths,  particularly,  if  during  the  first  precipitation,  calcium  oxalate  is  not  used  as  a  co- 
precipitant.  Isolation  of  the  rare  earths  was  most  complete  when  the  initial  pH  was  6.  The  solubility  of  the 
rare  earth  oxalates  increases  with  increasing  acidity. 

•Similar  experiments  were  carried  out  with  elements  of  the  yttrium  group  (Table  2). 

It  is  clear  from  Table  2  that  the  rare  earths  as  their  oxalates  are  not  quantitatively  isolated  when  one  pre¬ 
cipitation  is  carried  out.  When  a  double  precipitation  is  carried  out  it  is  possible  to  separate  larger  amounts 
of  the  rare  earths  than  is  possible  with  the  rare  earths  of  the  cerium  group  under  similar  conditions  (Table  1). 
Precipitation  of  the  oxalates  of  the  yttrium  group  is  most  complete  at  an  acidity  of  0.2  N  with  respect  to 
hydrochloric  acid.  Coprecipitation  with  calcium  oxalate  increases  the  completeness  of  precipitation  of  the 
rare  earths  of  this  group. 

Separation  of  Thorium,  Zirconium,  and  Titanium  from  the  Rare  Earths  by  Means  of  Sodium  p-Aminosall- 
cylate.  p -Aminosalicylic  acid  has  been  used  for  the  determination  of  thorium  [10,  11], with  which  it  forms  at 
a  pH  of  4-5  a  water -insoluble  compound  C7HeNTh(OH)3.  p -Aminosalicylic  acid  is  not  ideal  for  the  separation 

*As  in  Russian  original. 
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TABLE  1 

Precipitation  of  the  Rare  Earths  of  the  Cerium 
Group  in  the  Form  of  Their  Oxalates.  (Composi¬ 
tion  in  Cej03-32.4;  La2O3-20j  Pr203-7.f>7} 

Nd, 0,-25. 7;  Sm2O3-l0.3;  Gd203-2.2;  Y2O3-I.66) 


Acidity  at  the 
beginning  of 
precipitation 

Rare 

earths 

taken, 

mg 

Rare  earths  found,  mg 

first 

precip¬ 

itate 

second 

precip¬ 

itate 

total 

pH  6 

4,02 

4,52 

0,13 

4,65 

pH  6 

4,62 

4,31* 

0,19 

4,50 

pH  6 

3,88 

3,75 

0,14 

3,89 

pH  6 

7,89 

7,59  1 

0,17 

7,76 

pH  6 

17,89 

17,76 

0,10 

17,86 

0,2  A^HCl 

4,62 

4,30 

0,21 

4,51 

0,2  NHCl 

4,62 

4,00* 

0,26 

4,26 

0,2  NHC\ 

17,89 

16,96 

0,18 

17,14 

0,2  A^HCl 

17,89 

17,13 

0,17 

17,30 

*  Precipitation  was  carried  out  without  addition 
of  Ca*"^. 


TABLE  2 

Precipitation  of  the  Rare  Earths  of  the  Yttrium 
Group  in  the  Form  of  Their  Oxalates,  Composi¬ 
tion  in  oJa  Y20,-50.0;  Yb203-20.0;  Er203-l0.0; 
Tb20,-8.41;  H02O3-4.O;  La2O3-6.0 


Acidity  at  the 
beginning  of 
precipitation 

Rate 

earths 

taken, 

mg 

Rare  earths  found,  mg 

first 

precip¬ 

itate 

second 

precip 

itate 

total 

pH  6 
pH  6 

pH  6(without 
0,21VHCI  Cap) 
0,2  NHCI 

4,99 

9.98 

4.99 
4,99 
9,98 

4 , 54 
9,43 
4,38 
4,56 
9,62 

0,34 

0,38 

0,48 

0,38 

4,88 

9,81 

4,38 

5,04 

1,00 

of  thorium  from  the  rare  earths,  since  it  is  almost  insolu¬ 
ble  in  water  [14].  The  sodium  salt  of  p-aminosalicylic 
acid  is  readily  soluble  in  water  and  forms  with  thorium 
a  compound  corresponding  to  the  formula  indicated;  at 
the  same  time  the  sodium  salt  can  serve  as  a  buffer  (a 
5‘yo  solution  has  a  pH  of  5).  Experiments  showed  that  it 
is  possible  to  separate  thorium,  zirconium,  and  titanium 
from  the  rare  earths  by  means  of  sodium  p-amlnosalicylate. 

To  40  ml  of  a  solution  with  a  pH  of  2-3  was  added 
1  g  of  sodium  p-aminosalicylate.  The  solution  was  mixed, 
and  then  heated  for  30  minutes  on  a  water  bath;  the  pre¬ 
cipitate  was  filtered  off  through  a  "blue  band"  filter, 

7-9  cm  in  diameter,  and  washed  with  10  ml  of  a  0.5% 
solution  of  sodium  p-aminosalicylate,  the  precipitate 
was  then  returned  to  the  beaker  in  which  the  precipita¬ 
tion  had  been  carried  out,  the  precipitate  being  washed 
off  the  filter  with  10-15  ml  of  the  0.5%  solution  of 
sodium  p-aminosalicylate.  The  whole  was  stirred  and, 
after  5-6  minutes,  the  precipitate  filtered  through  a  7-9 
cm  diameter  "blue  band"  filter.  The  precipitate  was 
washed  with  the  0.5<’7«  sodium  p-aminosalicylate  solution 
until  the  total  volume  of  the  filtrate  was  100  ml.  To 
100  ml  of  the  solution  was  added  0.5  ml  of  calcium 
chloride  (25  mg  Ca*'*’),  and  15  ml  of  acetonedioxalic 
acid,  and  the  whole  boiled  for  15  minutes  and  the  volume 
made  up  to  100  ml. 

On  the  next  day  the  precipitate  was  filtered  through 
a  7-9  cm  diameter  "blue  band"  filter.  To  the  filtrate 
was  added  0.5  ml  of  calcium  chloride  solution  (25  mg 
Ca*"’’),  the  whole  mixed,  and,  after  5  minutes,  the  pre¬ 
cipitate  filtered  through  the  same  filter;  the  latter  was 
then  washed  5-6  times  with  a  1%  oxalic  acid  solution. 

The  precipitate  was  ashed  in  a  porcelain  cmcible 
at  600-700*  and  dissolved  in  3-5  ml  of  concentrated 
hydrochloric  acid,  the  solution  obtained  was  evaporated 
to  a  volume  of  0.5  ml,  and  the  residue  dissolved  in  50  ml 
of  water;  excess  ammonia  solution  was  next  added,  the 
whole  mixed,  and,  after  one  hour,  the  hydroxides  were 
filtered  and  then  washed  with  ammonia  solution  diluted 


2-3  times,  the  hydroxides  were  finally  dissolved  in  10-15  ml  of  5%  hydrochloric  acid  and  again  precipitated  with 
ammonia.  The  precipitate  was  ashed,  calcined  to  constant  weight,  weighed,  and  the  content  of  the  rare  earths 
calculated. 

In  the  first  two  experimentsprecipitation  of  the  rare  earths  was  effected  with  oxalate  in  the  presence  of 
sodium  p-aminosalicylate  (1.5 g)  which  does  not  affect  the  quantitative  separation  of  the  oxalates,  as  is  evident 
from  a  comparison  of  the  results  given  in  Table  3  with  those  given  in  Table  1.  Up  to  100  mg  of  thorium  can  be 
separated  with  a  permissible  error,  from  4.62  mg  of  the  rare  earths.  Zirconium  and  titanium  which  also  form 
insoluble  compounds  with  sodium  p-aminosalicylate,  entrain  appreciable  amounts  of  the  rare  earths.  Their 
presence  during  the  separation  of  thorium  in  amounts  greater  than  2  mg  leads  to  large  losses  of  the  rare  earths. 


Separation  of  the  Rare  Earths  from  Minerals.  Certain  minerals  containing  the  rare  earths  and  not  containing 
zirconium,  titanium,  niobium,  and  tantalum  were  decomposed  with  acids  as  described  in  the  textbooks  [1,  2,  5], 
after  which  their  hydroxides  were  separated  with  sodium  hydroxide,  the  hydroxides  were  then  dissolved  in  5% 
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TABLE  3 

Separation  of  Thorium,  Zirconium,  and 
Titanium  from  the  Rare  Earths  of  the  Cerium 
Group  by  Means  of  Sodium  p-Aminosalicylate 


Taken,  mg 

Rare 

earths 

Th 

Zr 

Ti 

rare 

sarths 

■ound,mg 

17,89 

17,13 

— 

— 

— 

17,89 

17,86 

20,0 

— 

— 

4,62 

4,58 

30,0 

— 

— 

4,62 

4,26 

50,0 

— 

— 

4,62 

4,. 35 

100,0 

— 

— 

4,62 

4,35 

50,0 

2,0 

— 

4,62 

4,35 

30,0 

5,0 

— 

4,62 

4,06 

5,0 

10,0 

— . 

4,62 

3,33 

5,0 

— 

2,0 

4,62 

4,20 

5,0 

— 

5,0 

4,62 

3,47 

TABLE  4 

Separation  of  the  Rare  Earths  from  Synthetic  Mixtures  and  Minerals, 
and  Tests  for  Their  Purity 


Main  components, 
mg 

Rare 

earths  ad  - 
ded,  mg 

eattiis  iso¬ 
lated  fi  <g 

Impurities  found  in 
the  rare  earths 

Labradorite 

100,0 

TiOj 

10,0 

ZrOa 

10,0 

4,62 

4,76 

(Th,Pb,Ti,Zr,Ca] 

NbzOs 

10,0 

Not  detected 

Th02 

50,0 

Fe— 40  7 

PbO 

2,0 

Nb<30  7 

The  same 

4,62 

4.42 

rTh,Pb,Tl,Nb,Zr,Ca] 

riiOa 

70,0 

Not  detected 

PbO 

5,0 

Fe2  20  7 

Labradorite 

100,0' 

NbjOs 

10,0 

4,62 

4,16 

[Th.Pb,Ti,Zr,Nb,Ca] 

Ta206 

5,0 

Not  detected 

PbO 

13,0 

Fe  10  7 

ThOj 

30.0 

Monazite  (No. 136) 

The 

100,14 

— 

12,42 

same  ;  Fe  10  7 

(Cont.  0.60%  Th) 

Monazite  (No.  472) 

— 

The 

-99,66 

53,17 

same ;  Pe  10  7 

(Cont.  3.80%  Th) 

hydrochloric  acid  and  the  pH  adjusted  to  2-3}  thorium  was  separated  with  sodium  p-aminosalicylate  and  the 
rare  earths  determined  as  described  above.  In  other  cases,  where  the  minerals  are  not  decomposed  with  acids, 
and  contained  the  elements  indicated,  it  was  necessary  to  employ  fluoride  decomposition.  20-100  mg  of  the 
mineral  was  fused  in  a  platinum  basin  with  l-2.fS  g  of  potassium  bifluoride.  After  cooling,  the  melt  was  dis¬ 
solved  on  heating  in  20-25  ml  of  water,  and  2.5  mg  Ca*'*'  and  5-8  ml  of  hydrofluoric  acid  added.  The  precip¬ 
itated  fluorides  of  thorium,  the  rare  earths,  and  other  elements  were  filtered  off  (In  this  case  polyethylene  vessels 
or  vessels  covered  with  paraffin  were  used)  through  a  7  cm  "blue  band"  filter,  and  washed  2-3  times  with  dilute 
hydrofluoric  acid.  The  precipitate  in  the  platinum  basin  was  dried,  calcined  at  400“,  and  evaporated  twice  with 
1  :  1  sulfuric  acid  and  water. 
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TABLE  5 

Determination  of  the  Rare  Earths  in  Minerals 


Th 

Relative 

Sample 

content. 

by  the 

fluoride -oxa- 

error, 

% 

given 

method 

late -pyridine 
method 

% 

Khlopinite 

2,42 

18,07 

18,18 

-  0,60 

Ferriteorite 

12,0 

4,55 

4,1 

+  10,0 

Monazite  Nc.J 

8,0 

48,151 

47.75/ 

47,42 

+  1,10 

Orthite 

1.0 

10,801 

10,93/ 

12,03 

—10,3 

Yttropyrazite 

0,1 

17,851 

17,90/ 

18,38 

—  2,90 

Monazite  No. 6 

2,8 

37,711 

37,86/ 

Thorite 

40,0 

3,92 

3,68 

+  6,50 

Monazite 

No.  136 
Monazite 

0,60 

12,401 

12,52/ 

12,25 

+  1.75 

No.  472 

3,80 

53,17 

53,0 

+  0,33 

The  acid  was  evaporated  until  the  damp  salts  were  obtained;  these  were  dissolved  in  50  ml  water.  When 
during  this  stage,  an  insoluble  residue  was  obtained,  it  was  filtered  off,  dried,  calcined  at  400*,  and  fused  with 
0.8-1  g  of  potassium  pyrosulfate.  The  cooled  melt  was  dissolved  in  10  ml  of  5<^  sulfuric  acid  and  the  filtered 
solutions  combined.  To  the  solution  obtained  was  added  sodium  hydroxide  solution  until  the  hydroxides  were 
precipitated,  and  2-3  ml  of  the  sodium  hydroxide  added  in  excess.  The  solution  was  heated  for  15-20  minutes 
on  a  water  bath  and  the  precipitate  filtered  off  through  a  7-9  cm  diameter  "blue  band*  filter.  The  hydroxides 
were  washed  2-3  times  with  dilute  sodium  hydroxide  and  then  dissolved  in  20-25  ml  of  Sc/rhot  hydrochloric  acid, 
sodium  hydroxide  was  added  dropwise  until  the  pH  was  3  using  Congo  paper;  thorium  was  separated  with  sodium 
p -aminosalicylate,  and  the  rare  earths  determined  as  described  above.  Rare  earths  were  separated  from  synthetic 
mixtures  and  from  minerals  by  this  method  (Tables  4  and  5). 

The  impurities  in  the  rare  earths  obtained  were  determined  after  dissolving  them  (25  ml),  the  determin¬ 
ations  were  carried  out  on  2-8  ml  of  the  given  solution.  Iron  was  determined  by  means  of  thiocyanate  [12], 
calcium  by  murexide  [13],  titanium  by  hydrogen  peroxide  [12],  zirconium  by  alizarin  [12],  lead  by  dithizone 
[12],  and  thorium  by  arsenazo  [6].  Calcium  was  found  in  all  the  samples  but  the  amount  of  it  present  correspond¬ 
ed  to  0.2-0. 3  ml  of  a  0.002  M  solution  of  Complexon,  iron  was  also  detected  in  amounts  of  5-10  pg.  In  all  cases 
complete  separation  was  effected  from  zirconium,  titanium,  lead,  and  thorium.  The  isolated  rare  earths  are 
suitable  for  further  chromatographic  separation. 

Table  5  contains  comparative  experimental  results  obtained  during  determination  of  the  rare  earths  by  the 
given  method  and  by  the  fluoride  oxalate  pyridine  method. 

It  is  clear  from  Table  5  that  the  given  method  gives  reproducible  and  accurate  results  for  the  determina¬ 
tion  of  rare  earths  in  minerals  (error  ±  10%). 


SUMMARY 

It  has  been  shown  that  the  oxalates  of  the  rare  earths  of  the  cerium  and  yttrium  groups  can  only  be  separated 
by  a  double  precipitation  when  they  are  crystallized  together  with  calcium  oxalate  (as  the  coprecipitant).  Sodium 
p-aminosalicylate  is  suggested  for  removing  thorium  from  the  rare  earths  A  method  has  been  developed  for 
separating  the  rare  earths  from  the  minerals. 
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EXPRESS  METHODS  FOR  THE  S  P  EC  T  ROG  RA  P  HIC  ANALYSIS 
OF  RARE  ELEMENTS 


COMMUNICATION  1.  ANALYSIS  OF  COMPLEX  MIXTURES  OF  THE  RARE  EARTHS 

V.  A.  Korneev 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  IS,  No.  2,  pp.  170-174, 
March-April,  1960 

Original  article  submitted  March  18,  19S9 


Chemical  methods  of  analysis  permit  determination  of  the  total  amount  of  the  rare  earths  and  cerium,  and 
allow  group  separation  into  the  yttrium  and  cerium  subgroups  to  be  carried  out.  Accordingly,  for  the  analysis  of 
mixtures  of  the  rare  earths  into  separate  components,  physical  and  physicochemical  methods  are  used. 

Polarographic  methods  are  not  universal  in  their  application,  they  only  permit  determination  of  some  of 
the  elements  (Eu,  Sm,  Yb,  and  also  Y).  Absorption  methods  cover  a  large  number  of  elements,  but  their  applica¬ 
tion  is  limited  for  a  number  of  reasons  (mutual  overlapping  of  absorption  bands  and  lines,  effect  of  foreign  ions, 
comparatively  low  sensitivity,  etc.).  For  determinations  of  trace  amounts  of  the  rare  earths  (e.g.,  in  pure  metals 
which  are  not  so  rare)  sensitive  luminescent  and  radioactive  methods  are  the  most  suitable. 

At  the  present  time  the  main  method  of  analyzing  complex  mixtures  of  the  rare  earths  is  the  x-ray  spectro- 
graphic  method,  thanks  to  its  reliability  and  to  the  independence  of  the  results  obtained  on  the  composition  of  the 
samples,  to  the  simplicity  of  the  spectra,  to  the  small  amounts  of  sample  required,  etc.  Nevertheless,  in  some 
cases,  the  applications  of  this  method  too  are  limited. 

As  for  spectrographic  emission  methods,  despite  a  number  of  difficulties  (the  complexity  of  the  spectra, 
mutual  superposition  of  spectral  lines)  they  also  find  wide  application  for  the  analysis  of  mixtures  of  the  rare 
earths.  A  considerable  number  of  papers  has  been  devoted  to  the  question  of  the  spectrographic  analysis  of  the 
rare  earths  [1-23].  However,  in  most  cases,  the  techniques  suggested  are  complicated,  cumbersome,  and  take 
a  long  time.  In  some  cases  the  complications  introduced  into  the  analytical  technique  are  not  always  justified. 

Our  problem  was  to  develop  express  methods  which  would  permit  rapid  and  reliable  determination  of  all 
the  individual  rare  earths  in  complex  mixtures  of  varying  composition.  An  attack  on  such  a  problem  is  justified 
on  the  one  hand  by  the  absence, at  present,  of  such  methods;  and,  on  the  other  hand,  by  the  acute  need  for  rapid 
control  of  the  separation  of  the  rare  earths. 

The  basis  of  the  suggested  method  was  the  method  of  homologous  pairs  in  its  original  form,  which  is  widely 
used  for  the  analysis  of  ferrous  and  nonferrous  metals  and  alloys.  It  is  the  correct  choice  of  the  reference  element 
and  strong  homology  of  the  analytical  pairs  of  lines  that  determine  finally  the  reproducibility  and  correctness  of 
the  determination.  The  method  used  for  introducing  the  sample  into  the  source  is  also  important,  it  should  ensure 
that  the  sample  is  completely  burnt  in  a  comparatively  short  time,  and  should  diminish  the  fractionation  of  the 
components  of  the  sample. 

Choice  of  the  analytical  pairs  of  lines  was  based  on  the  following  requirements;  1)  the  absence  of  possible 
mutual  superposition  of  the  rare  earth  lines,  and  also  superposition  by  other  elements  (zirconium, iron,  calcium, 
etc.);  2)  a  sufficiently  high  absolute  and  concentration  sensitivity  of  the  analytical  lines  of  the  rare  earths;  3) 
location  of  the  analytical  lines  in  the  narrowest  spectral  region;  4)  the  minimum  distance  between  the  lines 
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TABLE  1 


Test 

element 

Wavelength,  A  j, 

Concentration 

analytical 

reference 

range,  % 

line 

line 

Lanthanum 

4086,71 

4085,66 

1,0—  25,0 

The  same 

41/il,74 

4140,01 

10,0-100,0 

Cerium 

4137,65 

4134,31 

2,0—100,0 

The  same 

4137,65 

4140,01 

2,0-  70,0 

Praseodymium 

4143,14 

4140,01 

2,0—100,0 

The  same 

4143,14 

4134,31 

2,0—  75,0 

»  > 

4222,98 

4212,63 

2,0-l(K),0 

Neodymium 

4109,07 

4110,05 

2,0—100,0 

Samarium 

4280,78 

4273,52 

2,0—100,0 

The  same 

4280,78 

4277,37 

2,0—  65,0 

»  » 

4279,67 

4273,52 

5,0-100,0 

*  » 

4279,67 

4277,37 

5,0—100,0 

Gadolinium 

4225,85 

4212,63 

2,0—  60,0 

The  same 

4225,85 

4210,61 

2,0—  40,0 

»  » 

4098,61 

4096,63 

5,0-100,0 

»  » 

4098,61 

4099,31 

5,0-100,0 

Europium 

4129,74 

4134,31 

0,3—  10,0 

The  same 

4129,74 

4140,01 

0,3—  10,0 

4205,05 

4210,61 

0,3—  10,0 

»  » 

4205,05 

4212,63 

0,3—  10,0 

Terbium 

4144,45 

4140,01 

2,0—100,0 

The  same 

4144,45 

4135,68 

10,0-100,0 

»  ^ 

4278,51 

427.3,52 

3,0—100,0 

»  » 

4278,51 

4276,72 

10,0—100,0 

Dysprosium 

Tne  same 

4221,10 

4218,09 

4210,61 

4212,63 

1,0-  60,0 
3,0—100,0 

Holmium 

4103,84 

4099,31 

0,5—  20,0 

The  same 

4103,84 

4096,63 

0,5—  15,0 

» 

4163,03 

4179,81 

0,5—100,0 

Thulium 

4105,84 

4096,63 

0,2-  20,0 

The  same 

4105,84 

4099,31 

0,5—  20,0 

»  » 

4199,92 

4210,61 

20,0—100,0 

»  » 

4199,92 

4212,63 

20,0—100,0 

Yttrium 

4142,84 

4135,68 

1,0—  30,0 

The  same 

4142,84 

4140,01 

1,0—  7,0 

»  » 

4251,21 

4273,52 

30,0-100,0 

Eerbium 

:5692,65 

3718,84 

2,0—  30,0 

The  same 

3616,57 

3607,38 

15,0—100,0 

»  » 

3499,10 

3499,58 

10,0—  70,0 

ytterbium 

3694,20 

3678,91 

0,1—  5,0 

The  same 

3694,20 

3698,17 

1,5—  .50,0 

Lutecium 

.3567,84 

3554,07 

2,0—  50,0 

The  same 

.3.567,84 

3558,96 

4,0—  50,0 

»  » 

.3554,43 

3.554,07 

4,0—  50,0 

>  » 

35.54,43 

3558,96 

8,0—  50,0 

and  separate  homologous  pairs;  /S)  a  minimum  number  of  homologous  lines  ensuring  complete  coverage  of  the 
test  concentration  range;  6)  high  homology  of  the  analytical  pairs  of  lines. 

The  criterion  for  the  homology  of  the  analytical  pairs  of  lines  was  that  the  relative  blackening  of  the 
pair  of  lines  for  a  given  concentration  should  be  constant  when  the  discharge  conditions  are  altered  (current 
strength,  arc  gap.  etc.).  The  degree  of  homology  of  the  pairs  of  lines  was  established  by  the  method  of  objective 
photometric  measurement  (using  a  microphotometer)  of  the  spectrograms  taken  under  various  discharge  condi¬ 
tions.  In  addition,  the  degree  of  homology  of  the  pairs  of  lines  was  also  checked  on  the  basis  of  the  constancy 
of  the  photometric  evaluations  as  reflected  in  the  analytical  criteria  on  switching  from  one  photographic  plate 
to  another. 

The  analytical  criteria  were  established  statistically  by  photographing  and  visual -photometrically  meas¬ 
uring  on  a  spectroprojector  a  large  number  of  spectra  of  standard  samples  (8-10  plates  to  each  standard).  The 
correctness  of  the  analytical  criteria  were  checked,  in  addition,  by  constructing  calibration  curves  (within  the 
coordinates:  photometric  value -logarithm  of  the  concentration  of  the  rare  earth)  which  were  linear. 
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TABLE  2 

Determination  of  Cerium 


\  Ce-4137.65A 

CcO|, 

% 

k  Zr-:4I34.3IA 

X  Zr-4140,0IA 

2,0 

-4,0 

-3.0 

3,0 

—3,0 

—2,0 

5,0 

—2,0 

-1.0 

8,0 

-1.0 

0 

12,0 

0 

+1.0 

20,0 

+1.0 

+2.0 

30,0 

+2,0 

+3,0 

45,0 

+3.0 

+4,0 

70,0 

+4.0 

+5,0 

100,0 

+  5,0 

TABLE  3 

Determination  of  Yttrium 


Y.O. 

% 

X  Y-4142.84A  | 

X  Y-425I,21A 

X  Zr-4I35,68A 

X  Zr-4I40,01A 

X  Zr-4273.52A 

1.0 

-3,0 

+1.0 

1.6 

—2,0 

+2,0 

2,5 

-1,0 

+3,0 

4,0 

0 

+4,0 

7.0 

+1,0 

+5,0 

12,0 

+2,0 

20,0 

+3,0 

30,0 

+4,0 

-4,5 

50,0 

—3,5 

70,0 

—2,5 

100,0 

—1,5 

As  the  result  of  experiments  which  were  based  on  achieving  maximum  sensitivity  of  determination,  stable 
and  complete  burning  of  the  test  material  in  a  comparatively  short  time,  and  a  rational  ratio  between  the  black¬ 
enings  of  the  analytical  lines  (on  the  sensitivity  threshold)  and  the  background,  the  following  analytical  conditions 
were  adopted. 


1.  ISP-.*)!  spectrograph  with  UF-85  camera 
(for  the  elements  La,  Ce,  Pr,  Nd,  Sm,  Gd, 
Eu,  Tb,  Dy,  Ho,  Tu,  Y) 
operating  part  of  the  spectrum  4080-4280  A 
slit  width  20  p 
slit  illumination— three  lens 
diaphragm  size— circular 
8 -stage  attenuator 


KS-.S.S  with  glass  optics  (for  the  ele¬ 
ments  Er,  Yb,  Lu) 

3500-3700 

10  p 

three  lens 
circular 

8 -stage  attenuator 


2.  Excitation  source— activated  ac  arc.  Current— 8  amp. 

3.  Preparation  of  the  sample— mixtures  of  the  rare  earth  oxides  and  zirconium  oxide 
(reference  element)  were  ground  up  in  the  ratio  1  :  4  (respectively). 


4.  Introduction  of  the  sample  into  the  spectrum  excitation  source— a  thin  layer  of  the 
sample  was  smeared  on  the  grooved  face  of  the  lower  copper  electrode  4  mm  in 
diameter  (the  upper  electrode  was  ground  to  blunt  cone)  and  the  sample  kept  in 
position  by  means  of  a  bakelite  lacquer. 


5.  Exposure  of  the  photographic  plate— 3  minutes. 

6.  Photographic  plates— spectrographic  type  n,  sensitivity  16  GOST  units. 

7.  Treatment  of  the  plates  developed  in  type  D-19  developer  for  3-4  minutes  at  20*. 

8.  The  analytical  pairs  of  lines  and  the  test  concentration  ranges  are  given  in  Table  1. 


The  analytical  criteria  for  the  determination  of  cerium,  yttrium,  and  thulium  are  given  in  Tables  2-4 
to  illustrate  the  method. 

The  method  suggested  was  checked  on  a  large  number  of  samples  of  rare  earth  oxides  of  the  most  varied 
composition,  in  order  to  establish  the  reproducibility  and  reliability.  In  the  course  of  this  work  it  was  found  that 
the  reproducibility  of  the  method  is  characterized  by  an  error  of  ±  10 -20<7o  (relative)  fora  single  determination. 
The  reliability  of  the  method  was  checked  by  comparing  the  results  obtained  by  means  of  it  with  the  results  of 
x-ray  spectrographic  analysis;  good  agreement  was  found  (apart  from  some  individual  exceptions). 
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TABLE  4 

Determination  of  Thulium 


TUfOg, 

% 

X  Tu-.tl05,84A  1 

X  Tu-4!99.02A 

X  Zr>-409G,63A 

X  Zr-409g.3IA 

X  Zr-42I0,61A 

X  Zr-42I2.C3A 

0,2 

-5,0 

0,3 

1  —4,0 

0,5 

—3,0 

—5,0 

0,75 

-2,0 

—4,0 

1,2 

—1,0 

—3,0 

1,8 

0 

—2,0 

3,0 

+  1,0 

-1,0 

4,5 

+2,0 

0 

7,0 

+3,0 

+1.0 

10,0 

+4,0 

+2,0 

15,0 

+5,0 

+3,0 

20,0 

+5,5 

+3,5 

-2,0 

—5,0 

30,0 

-1.0 

—4,0 

45,0 

0 

—3,0 

65,0 

+1,0 

—2,0 

100,0 

+2,0 

-1.0 

The  method  is  characterized  by  the  speed  with  which  a  complete  analysis  of  a  complex  mixture  of  the 
rare  earths  can  be  carried  out.  For  example,  analysis  of  one  sample  takes  about  2  hours,  while  the  analysis  of 
four  samples  takes  4-<5  hours. 

On  the  basis  of  special  experiments  it  was  found  that  the  use  of  various  models  of  the  same  type  of  ap¬ 
paratus  (various  1SP-.51  spectrographs,  eight-stage  attenuators,  photographic  plates)  did  not  lead  to  any  changes 
in  the  analytical  criteria.  Accordingly,  the  tables  of  the  analytical  criteria  can  be  used  for  carrying  out  anal¬ 
ysis  in  other  laboratories  on  the  recommended  apparatus. 

Notes:  1.  The  figures  inside  the  columns  indicate  by  how  many  stages  the  lines  compared  (photometrical¬ 
ly  measured)  are  separated  from  each  other  in  a  given  homologous  pair  of  lines,  when  equality  of  their  blacken¬ 
ings  has  been  achieved.  In  these  columns  the  sign  -  in  front  of  a  figure  signifies  that  the  reference  line  (that  of 
zirconium)  has  been  taken  at  a  more  attenuated  stage  than  the  analytical  line;  while  the  sign  -i-  indicates  that 
it  was  taken  at  a  less  attenuated  stage;  0  signifies  equality  of  blackening  of  the  lines  in  a  pair,  taken  at  the  same 
attenuation  stage. 

2.  In  those  cases  where  equality  of  the  blackening  of  the  lines  inside  a  pair  was  not  realized  by  a  whole 
number  of  stages,  the  photometric  evaluation  is  expressed  in  the  form  of  a  fraction,  with  an  accuracy  of  Vs  of 
a  stage. 

3.  It  is  recommended  that  the  stages  of  the  lines  which  have  low  (gray)  blackening  be  compared. 

4.  If  a  photometric  value  is  obtained  during  the  photometric  measurement,  which  is  not  given  in  the  table, 
then  the  concentration  is  determined  by  interpolation. 

5.  Establishment  of  the  concentration  of  an  element  is  carried  out  on  the  basis  of  association,  i.e.,  on  the 
basis  of  several  photometric  values  (homologous  pairs);  the  mean  value  is  taken  from  several  experimentally 
established  values  of  the  concentration. 


SUMMARY 

An  express  method  has  been  developed  for  the  complete  analysis  of  complex  mixtures  of  the  rare  earths, 
which  is  based  on  the  use  of  the  method  of  homologous  pairs  of  lines,  coupled  with  stepwise  attenuation  of  the 
spectra. 
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The  known  methods  for  the  determination  of  thorium  and  monazites  are  long  and  difficult.  The  gravim¬ 
etric  as  well  as  the  photometric  methods  of  determining  thorium  require  that  the  thorium  be  separated  before¬ 
hand  from  accompanying  elements.  Several  methods  have  been  recommended  for  effecting  separation:  precip¬ 
itation  of  thorium  with  oxalates  [1-6],  iodates  [5,  7-10],  fluoride  [5,  9,  11-13],  phosphates  [9,  10,  14],  and 
organic  acids  [14-20];  separation  by  extraction  with  mesityl  oxide  [11,  13,  21]  or  by  other  solvents  [3,  22,  23]. 
There  are  also  some  other  methods  [10,  24-26].  Phosphates,  sulfates,  the  rare  earths,  and  other  elements  interfere 
with  the  direct  photometric  determination  of  thorium  in  the  solutions  obtained  after  decomposition  of  monazites. 
When  thorium  is  determined  by  means  of  the  reagents  recommended  earlier,  phosphates  and  sulfates  in  an  acid 
medium  cause  very  strong  masking  of  the  thorium, which  cannot  be  tolerated,  while  higher  pH  values  when  the 
masking  is  weaker,  aluminum,  iron,  the  rare  earths,  and  other  elements  react  in  the  same  way  as  thorium. 

As  things  stood,therefore,  it  seemed  to  the  authors  that  the  new  reagent  arsenazo  II,  discovered  earlier  by 
one  of  us  [27], might  be  of  interest.  The  stable  complex  which  is  formed  between  thorium  and  arsenazo  n  in  acid 
solutions  permits  one  to  do  without  preliminary  separation  of  sulfates  and  phosphates.  The  reaction  conditions  are 
chosen  so  that  almost  all  the  other  elements  also  do  not  interfere  with  thorium  determination. 

Arsenazo  n(diphenyl-4,4'-diarsonic  acid  3,3'-bis[< -azo-2>  l,8-dihydroxynaphthalene-3,  6-disulfonicacid]) 
could  be  regarded  as  a  double  arsenazo  I,  which  has  been  recommended  previously  for  the  detection  and  determin¬ 
ation  of  a  number  of  elements  [23,  28-33]. 

Arsenazo  II  is  an  almost  black,  crystalline  powder  which  is  soluble  in  water  and  in  dilute  acids  to  give 
solutions  which  have  the  same  rose  color  as  arsenazo  I.  The  reagent  is  stable  both  in  the  solid  form  and  in  solu¬ 
tion  and  can  be  kept  indefinitely.  Strong  oxidizing  or  reducing  agents  destroy  the  reagent.  In  Fig.  1  are  shown 
the  light  absorption  curves  for  solutions  of  arsenazo  I,  arsenazo  II,  and  also  of  the  complex  formed  between 
thorium  and  arsenazo  II. 

With  respect  to  selectivity  and  to  the  colors  formed,  the  color  reactions  of  arsenazo  II,  to  a  first  approx¬ 
imation,  are  similar  to  the  reactions  of  arsenazo  I.  Thus,  in  acid  solutions,  Th,  Ti,  Zr,  U^^,  and  Fe^^^  form 
blue-violet  colors,  while  in  weakly  acid  and  neutral  solutions  Al,  u'^^  Cr,  Cu,  the  rare  earths,  and  some  other 
elements  form  colors  of  varying  shades  from  brownish  to  pure  blue.  In  contrast  to  arsenazo  I,  however,  the  colors 
with  arsenazo  II  develop  in  more  acid  solutions. 

With  all  elements,  apart  from  those  elements  whose  cations  tend  to  give  oxo  ions  (e.g.,  Zr,  Al,  Cr),  the 
colors  develop  immediately,  and  subsequently  remain  almost  constant  for  several  hours  or  days.  When  there  is 
insufficient  reagent  the  solutions  are  less  stable;  under  such  conditions  rapid  deposition  occurs  of  precipitates 
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Fig.  2.  Effect  of  acidity  on  the  develop¬ 
ment  of  the  color  of  the  Th-arsenazo  II 
complex  (1)  and  Th-arsenazo  I  complex 
(2).  Thorium  concentration-  2  x  10*®  M. 
reagent  concentration  2  x  10"*  M;  X  600 
mp;  cell  10  mm. 

which  are  the  normal  salts  of  the  element  with  complex  anions  of  the  reagent.  In  order  to  prevent  this,  and  to 
achieve  the  best  reproducibility  and  accuracy  during  thorium  determination,  a  S-lO-fold  excess  of  reagent  in 
molar  proportions  should  be  used. 

Thorium  ions  react  with  arsenazo  n  in  the  molar  ratio  1:1.  The  synthesis  of  this  reagent  has  been 
described  elsewhere  [34]. 

Development  of  a  Method  for  Determining  Thorium 

Decomposition  of  Monazite.  When  the  thorium  content  of  the  monazite  is  of  the  order  of  several  percent, 
and  the  sample  is  ground  so  that  it  passes  completely  through  a  200  mesh  sieve,  on  fusing  a  small  aliquot  of  the 
monazite  with  potassium  pyrosulfate  for  .S-?  minutes,  complete  extraction  of  thorium  can  be  achieved.  The 
residues  which  are  formed  during  such  a  decomposition  do  not  contain  thorium.  Other  methods  which  have  been 
suggested  for  decomposing  monazite,  such  as:  fusion  with  KHF2  [11],  with  Na202  [9,  12,  26]  or  with  KOH  [37], 
heating  with  H2SO4  [1],  HCIO4  [36],  HF  [34,35],or  with  a  mixture  of  HCIO4  +  HF  [3]  take  longer,  or  require  further 
treatment  of  the  solution  to  remove  fluorides,  etc. 

Effect  of  pH.  Within  the  range  0.01-0.6  N  HCl,  the  light  absorption  of  the  complex  formed  between 
thorium  and  arsenazo  n  changes  very  insignificantly  (Fig.  2).  Accordingly,  the  choice  of  the  optimum  value 
of  the  acidity  for  thorium  determination  depends  only  on  the  following  two  factors:  interference  from  other 
elements  which  interact  with  arsenazo  II,  and  interference  from  anions  which  mask  thorium.  With  decreasing 
pH  the  selectivity  of  the  reagent  increases,  but,  at  the  same  time,  the  masking  effect  of  phosphates  and  sulfates 
also  increases.  It  was  found  that  a  concentration  of  0.2  N  hydrochloric  acid  appears  to  be  suitable:  under  these 
conditions,  the  effect  of  almost  all  the  elements  is  reduced  to  a  minimum,  while  masking  of  thorium  by  phos¬ 
phates  and  sulfates  is  still  low. 

An  acidity  of  0.2  N  HCl  is  not  the  optimum  in  all  cases.  Thus,  during  determination  of  microgram  amounts 
of  thorium  in  the  presence  of  the  rare  earths,  it  is  better  to  dissolve  the  sample  in  H2SO4,  and  determine  the 
thorium  in  a  solution  with  a  pH  of  2.7.  Under  these  conditions  the  sulfates  do  not  mask  thorium  at  all,  while  the 
earth  elements  do  not  give  a  color  reaction  with  arsenazo  II.  On  the  other  hand,  in  the  absence  of  sulfates,  and 

\/T 

where  it  is  necessary  to  determine  thorium  against  a  background  of  1000-10,000  times  its  amount  of  Al,  U  , 

Fe  and  other  elements,  the  determination  must  be  carried  out  at  a  higher  acidity,  e.g.,  in  0.6  N  HCl. 

Effect  of  Anions.  Sulfates,  which  are  usually  present  in  solution  in  appreciable  concentrations,  always 
mask  thorium  to  some  extent.  The  extent  of  masking  depends  on  the  concentrations  of  the  sulfates  and  the 


Fig.  1.  Light  absorption  curves  of  solutions 
of  arsenazo  I  (1),  arsenazo  II  (2),  and  of 
the  complex  Th— arsenazo  II  (3).  SF-4 
spec  trophotome  ter . 
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Fig.  3.  Effect  of  acidity  on  development  of 
the  color  of  the  Th-arsenazo  n  complex  in 
pure  solution  (1),  and  in  the  presence  of 
sulfates  (2),  and  phosphates  (3).  Thorium  con¬ 
tent  50  Jig;  arsenazo  II  2  mg;  Na2S04  0.2  g; 
NaH2P04  •  2H2O  2  mg;  volume  10.0  ml;  X 
600  mji;  cell  10  mm. 

TABLE  1 

Effect  of  Accompanying  Elements  on  the 
Determination  of  Thorium  with  Arsenazo  II. 

10  ml  of  Solution  Contained  50  ^g  Th,  2  mg 
arsenazo  II,  20  mg  K2S2O7;  5  mg 
KH2PO4  •  2H2O.  Acidity  0.2  N  with  respect 
to  HCl 


Element 

Permissible  ratio 
of  thorium  : 
:element 

Ti 

1 

:  0,2 

Zr 

1 

:  0,3 

Nb,  T.i 

1 

:  0,4— (».8 

Fe‘" 

1 

;  0,-5 

Cr"* 

1 

;  0,5 

Mo,  V,  W 

1 

;  0,2—1 

;jVl 

1 

;  4 

Al 

1 

:  50-  100 

K,Na,Ca,Mg,IRE  ,Fe" 

1 

:  1000- 10  000 

D 


Fig.  4.  Effect  of  phosphates  during 
thorium  determination  with  arsenazo 
I  (1)  and  arsenazo  n  (2).  Thorium 
content  50  jig;  reagent  2  mg;  me¬ 
dium  0.2  N  HCl;  volume  10.0  ml; 

X  600  mji;  cell  10  mm. 

reagents,  and  on  the  pH  of  the  solution  (Fig.  3).  It  was 
found  that  at  a  reagent  concentration  of  0.0002  M,  a 
HCl  concentration  of  0.2  N,  and  a  sulfate  content  of 
the  order  of  1-5  mg/ ml,  thorium  is  masked  to  the 
extent  of  However,  even  this  value  can  be 

automatically  taken  into  account,  if  when  the  procedure 
described  is  followed,  the  sulfate  concentration  is  kept 
the  same  in  the  test  solutions  and  in  the  solutions  used 
for  constructing  the  calibration  curve. 

Phosphates  also  mask  thorium  to  some  extent. 

The  extent  of  the  masking  depends  on  the  phosphate 
and  reagent  concentrations,  and  on  the  acidity  of  the 
solution.  It  has  been  found  that  the  effect  of  phosphates 
can  be  reduced  to  a  minimum  by  determining  thorium 
in  a  medium  of  0.1 -0.4  N  with  respect  to  HCl  (Fig.  3). 
When  thorium  is  determined  in  a  medium  of  0.2  N  HCl, 
and  the  phosphate  content  is  1-2  mg/ ml,  the  error  in  the 
thorium  determination  does  not  exceed  2-3%  (Fig,  4). 
This  corresponds  to  a  ratio  of  Th  :  P2O5  =  1  ;  50-100. 

The  usual  P2O5  content  of  monazites  is  25-30%  [35]. 
Accordingly,  direct  determination  of  thorium  in 
monazites  is  still  possible  as  long  as  the  thorium  con¬ 
tent  is  not  less  than  0.5%. 


Fluorides  mask  thorium  considerably,  but  they  are  fairly  completely  removed  during  decomposition  of 
monazites  with  K2S2O7.  This  was  checked  by  adding  large  amounts  of  fluoride  to  monazite  samples. 

Effect  of  Other  Elements.  Elements  whose  cations  hydrolyze  at  pH  »  2  (alkali  metals,  alkaline  earth 
metals,  rare  earths,  Al,  Cu,  Fe^^  etc.)  do  not  interfere  appreciably  even  when  the  amounts  of  these  elements 
present  are  hundreds  and  thousands  times  the  amount  of  thorium 

Zirconium  and  titanium  react  similarly  to  thorium.  Usually,  however,  the  content  of  these  elements  in 
monazites  is  so  small  (<  0.02%  [35]),  that  the  interference  they  cause  can  be  disregarded.  Moreover,  It  has 
been  found  that  moderate  amounts  of  zirconium  and  titanium  efficiently  mask  phosphates,  and  have  been  special 
ly  introduced  into  the  test  solution  for  this  purpose.  The  masking  of  thorium  itself  (~  5%)  as  indicated  already 
can  be  automatically  taken  Into  account.  Data  on  the  effect  of  the  most  important  elements  on  thorium  deter¬ 
mination  are  given  in  Table  1. 
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TABLE  2 

Photometric  Determination  of  Thorium  in  Monazites  by  the  Recommended 
Method 


Sample 

No. 

Gravimetric  de¬ 
termination  of 

Th  content,  % 

Th  found  by  the 
recommenced 
method,  % 

1 

Deviation  from  the 
gravimetric  results, 

%  (relative) 

1 

7.37 

7,12 

—3,5 

7,33 

—0,5 

2 

7,19 

0,9 

—1,0 

7,03 

—2,4 

7,14 

-0,7 

.3 

7.()i 

7,25 

-+-2,7 

7,21 

+2,2 

4 

0,05 

0,07 

+0,3 

0,1 

+0,8 

.5 

.5,41 

5,21 

—2,5 

5,14 

—3,7 

0 

1 ,83 

1,75 

— 4,3 

1,78 

-3,3 

7 

0,73 

0,70 

-4,2 

0,71 

-2,7 

Phosphates,  sulfates,  and  other  anions  exhibit  a  considerably  weaker  effect  during  determination  of  thorium 
with  arsenazo  III— l,*8-dihydroxynaphthalene-3,6-disulfonic  acid-2, 7-bis[< -azo-2-> -phenylarsonic  acid]— a 
reagent  which  one  of  us  prepared  in  1959  [36],  Many  other  elements  also  do  not  interfere.  The  exceptions  are 
the  rare  earths, which  interfere  appreciably  when  arsenazo  ni  is  used.  Accordingly,  for  the  analysis  of  monazites 
which  contain  up  to  20-30%  total  rare  earths,  the  use  of  the  reagent  arsenazo  II  is  preferable. 

Accuracy  of  the  Method  and  the  Time  of  Determination.  During  determination  of  thorium  in  monazites 
the  experimental  error  does  not  exceed  3-5%  relative;  while  for  determination  in  pure  solutions  the  error  is  1-2% 
relative. 

The  method  described  below  was  checked  on  monazite  samples  containing  4-7%  of  thorium,  and  on  syn¬ 
thetic  mixtures  containing  0.5-2%  of  thorium;  these  mixtures  were  prepared  by  mixing  monazite,  phosphorite, 
and  preparations  of  the  rare  earths. 

One  determination  takes  25-30  minutes.  Results  of  thorium  determinations  are  given  in  Table  2. 

Determination  of  Thorium  in  Monazites.  Reagents  Required.  A  standard  thorium  nitrate  solution  contain¬ 
ing  50  pg  Th/ml;  a  0.1%  aqueous  solution  of  arsenazo  II;  a  0.5%  solution  of  sodium  phosphate  (NaH2P04  •  2H2O); 
a  2%  solution  of  K2S2O7  in  HCl  1  ;  5. 


EXPERIMENTAL  PROCEDURE 

A  10-200  mg  aliquot  of  finely  ground  monazite  containing  0.5%  and  upwards  of  thorium  is  placed  in  a 
quartz  test  tube  and  fused  with  2.0  g  of  potassium  pyrosulfate  over  the  small  flame  of  a  blowtorch,  for  several 
minutes,  first  with  gentle  heating  and  subsequently  at  a  dark -red  heat.  The  melt  is  dissolved  in  40  ml  of  1  ;  1 
HCl.  The  solution  obtained  should  be  almost  colorless.  The  presence  of  heavy  particles  which  separate  out 
rapidly  on  the  bottom  of  the  tube  indicates  incomplete  decomposition. 

The  solution  is  quantitatively  transferred  to  a  100  ml  standard  flask  in  which  it  is  made  up  to  the  mark 
with  water  and  thoroughly  mixed.  The  solution  is  allowed  to  stand,  or  part  of  the  solution  is  filtered  into  a  dry 
flask.  A  2.5  ml  aliquot  (25-250  pg  Th  depending  on  the  original  aliquot  taken)  is  pipetted  into  a  25  ml  standard 
flask.  For  the  analysis  of  monazites  containing  more  than  10-15%  Th,  a  smaller  aliquot  is  taken.  In  this  case, 
at  the  same  time,  potassium  pyrosulfate  in  the  form  of  its  2%  solution  in  1  :  5  HCl  (up  to  2.5  ml)  is  added  to 
bring  its  level  up  to  the  requisite  value. 
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Ascorbic  acid(l0-20)mg)  is  added  to  the  same  flask.  If  iron  is  known  to  be  absent  there  is  no  need  to 
add  ascorbic  acid.  2.0  ml  of  0..‘S«/p  sodium  phosphate  is  added,  followed  by  ft. 00  ml  of  0.1«/r  arsenazo  II  solution, 
and  the  volume  made  up  to  the  mark  with  water.  The  contents  are  mixed,  and  the  optical  density  measured  not 
sooner  than  ft-lO  minutes  on  a  spectrophotometer  at  600  mp  in  a  10  mm  cell  or  on  a  photocolorimeter  with  a  red 
filter,  in  a  ftO  mm  cell.  The  reference  solution  is  one  containing  ft. 00  ml  of  reagent  solution  and  2. ft  ml  of 
K2S2O7  in  1  ;  ft  HCl,  and  made  up  to  2ft  ml  with  water. 

The  thorium  content  is  determined  by  means  of  a  calibration  curve. 

Construction  of  a  Calibration  Curve.  Into  a  series  of  2ft  ml  standard  flasks  are  introduced  0,  O.ftO,  1.00, 
2.00,  4.00,  and  6,00  ml  of  the  standard  thorium  nitrate  solution.  To  each  of  the  flasks  is  added  2. ft  ml  of  the 
solution  of  K2S2C)7  in  1  :  ft  FKl,  2.0  ml  of  sodium  phosphate  solution,  and  ft. 00  ml  of  arsenazo  II  solution.  The 
volumes  are  made  up  to  2ft  ml  with  water,  the  contents  of  the  flasks  mixed  and  the  optical  density  measured  not 
sooner  than  ft  minutes  after  mixing  (the  same  reference  solution  is  used).  A  light  absorption— thorium  concentra¬ 
tion  curve  is  constructed. 


SUMMARY 

A  method  is  described  for  the  photometric  determination  of  thorium  in  monazites  by  means  of  arsenazo  II; 
the  determination  is  carried  out  immediately  after  decomposition  of  the  monazites  without  separation  of  thorium 
from  impurities. 

Phosphates  (up  to  30<i/o  P2O5),  Zr,  Ti,  Mo,  V,  W  (up  to  0,2-0..ft«/p),  the  rare  earths,  and  other  elements  do  not 
interfere.  A  determination  takes  2ft-30  minutes;  the  error  is  not  greater  than  3-ft<>K>(relative), 

LITERATURE  CITED 

[1]  J.  Clinch,  Anal,  Chim,  Acta  14,  162  (19ft6). 

[2]  M.  K,  Carron,  D.  L.  Suinner,  and  R.  E.  Stevens,  Anal,  Chem.  lOftS  (19ftft). 

[3]  C.  L.  Waring  and  H.  I.  Mela,  Anal.  Chem.  432  (19ft3), 

[4]  H.  H.  Willard  and  L.  Gordon,  Anal.  Chem.  20,  165  (1948). 

[ft]  F.  S.Grimaldi  and  J.  G.  Fairchild,  Geol.  Surv.  Bull.  1006,  133  (19.54). 

[6]  M.  Ishibashi  and  S.  Higashi,  Japan,  Anal.  3,  213  (1954);  C.  A.  49,  4449. 

[7]  Yu.  A.  Chernikhov  and  T.  A.  Uspenskaya,  Zavodskaya  Lab.  9,  276  (1940). 

[8]  M.  M.  Tillu  and  V.  T.  Athavale,  Anal.  Chim.  Acta  n.  62  (1954). 

[9]  M.  M.  Tillu  and  V.  T.  Athavale.  Anal.  Chim.  Acta  n.  324  (19.54). 

[10]  G.  Fahey  and  M.  Foster.  Geol.  Surv.  Bull.  1006,  1.53  (19.54). 

[11]  C.  V.  Banks  and  C.  H.  Byrd,  Anal.  Chem.  2ft,  416  (1953). 

[12]  F.  S.  Grimaldi  and  C.  M.  Warshaw,  Geol.  Surv.  Bull.  1006.  169  (19.54). 

[13]  C.  V.  Banks,  D.  W,  Klingman,  and  C.  H.  Byrd,  Anal.  Chem.  992  (19.53). 

[14]  S.  K.  Datta  and  G.  Banerjee,  Anal.  Chim.  Acta  12,  38  (195.5). 

[1ft]  A.  Purushottam  and  Bh.  S.  V.  Raghava  Roa,  Z.  Anal,  Chem.  141,  97  (19.54). 

[16]  S.  K.  Datta  and  G.  Banerjee,  J.  Indian  Chem.  Soc.  149  (19.54). 

[17]  D.  I.  Ryabchikov,  V.  I.  Belyaeva,  and  A.  N.  Ermakov,  Zhur.  Anal,  Khim.  11,  149  (1956).  • 

[18]  S.  K.  Datta  and  G.  Banerjee,  Anal.  Chim.  Acta  13.  23  (1955). 

[19]  G.  Banerjee,  Z.  Anal.  Chem.  147,  409  (19.5ft). 

[20]  K.  V,  S.  Krishamurty  and  Ch.  Venkateswarlu,  Z.  Anal.  Chem.  217,  139,  671  (19.53). 

♦Original  Russian  pagination.  See  C.  B.  Translation. 


203 


[21]  J.  Fritz  and  J.  J.  Ford,  Anal.  Chem.  1640  (I9ft3). 

[22]  V.  I.  Kuznetsov,  UspekhI  Khim.  654  (1954). 

[23]  M.  Ishibashi  and  S.  Higashi,  Japan.  Analyst  4,  14  (19,5.5);  in  Anal.  Abstr.  2.  2387. 

[24]  C.  V.  Banks  and  R.  J.  Davis,  Anal.  Chim.  Acta  12,  418  (1955). 

[25]  A.  F.  Williams,  Analyst  77,  297  (1952). 

[26]  F.  S.  Grimaldi  and  M.  H.  Fletcher.  Anal.  Chem.  812  (1956). 

[27]  V.  I.  Kuznetsov,  Zhur.  Anal.  Khim.  H,  7  (1959).  • 

[28]  V.  I.  Kuznetsov.  Doklady  Akad.  Nauk  SSSR  895  (1941). 

[29]  V.  I.  Kuznetsov,  Doklady  Akad.  Nauk  SSSR,  M,  227  (1945). 

[30]  V.  I.  Kuznetsov,  Doklady  Akad.  Nauk  SSSR  39  (1946). 

[31]  V.  I.  Kuznetsov,  L.  M.  Budanova,  and  T.  V.  Matrosova,  Zavodskaya  Lab.  22,  406(1956). 

[32]  V.  I.  Kuznetsov  and  R.  B.  Golubtsova,  Zavodskaya  Lab.  21,  1422  (1955). 

[33]  V.  I.  Kuznetsov,  Zhur.  Anal.  Khim.  1£,  220  (1958).* 

[34]  V.  1.  Kuznetsov  and  S.  B.  Savvin,  Zhur.  Priklad.  Khim.  32,  2329  (1959).* 


[35]  J.  D.  Dena,  E.  S.  Dena,  Ch.  Pelag,  G.  Berman,  and  K.  Frondel,  A  System  of  Mineralogy,  II  (IL, 
Moscow.  19.54). 


[36]  S.  B.  Savvin.  Doklady  Akad.  Nauk.  SSSR  127,  1231  (1959),* 


•Original  Russian  pagination.  See  C.  B.  Translation. 


204 


GRAVIMETRIC  SEMIMICRO  DETERMINATION  OF  VANADIUM 
BY  MEANS  OF  6  -  H  YD  ROX  Y  N  A  P  HT  HY  L  A  LET  HY  L  A  Ml  N  E 
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We  have  demonstrated  the  possibility  of  using  B  -hydroxynaphthoic  aldehyde  in  analysis  previously  [1-4]. 
Kuznetsov  [5]  has  established  that  many  organic  compounds  with  a  phenolic  hydroxyl  in  the  molecule  are 
capable  of  interacting  with  quadrivalent  vanadium  to  form  intracomplex  compounds.  Kul’berg  [6]  has  deduced 

I 

that  the  general  functional  analytical  group  for  quadrivalent  vanadium  is  K^.— (C)n“C— OH.  where  is  the 

complex-forming  group.  ^ 

Bearing  in  mind  that  this  combination  of  atoms  with  active  functional  groups  occurs  in  B  -naphthoic  al¬ 
dehyde,  in  the  work  described  here,  we  have  suggested  the  determination  of  vanadium  by  various  derivatives  of 
this  aldehyde. 

As  a  result  of  our  studies,  methods  have  been  developed  for  the  quantitative  determination  of  vanadium 
with  B  -hydroxynaphthylalethylamine  (I)  and  fl  -hydroxynaphthylaldoxime  (II). 


H-C^N-C.Hr, 

H-C-NOH 

1 

\/\/ 

\/\/ 

(I) 

(II) 

EXPERIMENTAL 

Synthesis  of  B  -Hydcoxynaphthylalethylamine.  1.5  g  of  ethylamine  was  dissolved  in  10  ml  of  water,and 
10  ml  of  a  9<7p  sodium  carbonate  solution  added.  The  solution  obtained  was  place  on  a  water  bath  and  20  ml 
of  a  12.5«7r  alcoholic  solution  of  B  -hydroxynaphthoic  aldehyde  added  to  it  dropwise.  After  cooling,  greenish- 
yellow,  acicular  crystals  of  8  -hydroxynaphthylalethylamine  separated  out.  The  product  was  recrystallized  from 
alcohol.  The  melting  point  was  123°. 

Quantitative  Determination  of  Vanadium  with  B -Hydroxynaphthylalethylamine.  To  an  ammonium  vanadate 
solution  containing  1  mg  vanadium/ ml  was  added  the  same  volume  of  a  2%  alcoholic  solution  of  B  -hydroxy¬ 
naphthylalethylamine,  The  liquid  was  heated  to  the  boil  and  ascorbic  acid  crystals  added  at  the  rate  of  20  mg 
to  each  mg  of  vanadium.  A  yellow -greenish,  crystalline  precipitate  of  vanadyl  B  -hydroxynaphthylalethylamine 
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TABLE  1 


Weight 

Vanadi- 

Theoretical 

Error 

of  pre- 

um 

amount  of 

cipitate. 

found. 

vanadium. 

mg 

% 

g 

mg 

mg 

0,0<)92 

1,01 

1,IH» 

-4-0,01 

+  f 

0,0186 

2,05 

2,00 

-[-0,0.5 

+2,5 

0,0272 

2,99 

3,0(» 

—0,01 

—0,3 

0,036/j 

4,00 

4,00 

±0,00 

—0 

0,0450 

.5,02 

.5,00 

+0,02 

+0,4 

separated  out  immediately.  The  precipitate  was  filtered  off  through  a  No.  4  glass  crucible,  washed  three  times 
with  alcohol,  and  then  dried  at  110*.  The  conversion  factor  to  vanadium  is  0.10995. 

The  resultsgiven  (Table  1)  show  that  vanadium  can  be  quantitatively  determined  by  the  method  described. 
The  experimental  error  lies  within  the  permissible  errors  of  gravimetric  analysis. 

Analysis  of  the  Compound  Obtained 

Aliquots  taken:  0.1692  g;  0.1660  g;  V2O5  obtained  0.033  g;  0.0324  g. 

Aliquot  taken;  1.055  g;  N  found  6.11<^ 

Calculated  for  [CjHsN  =  CH-CioH^TjVO;  10.99  6.02 

From  these  results  the  formula  of  the  compound  obtained  can  be  represented  as  follows: 


The  method  used  for  determining  vanadium  in  synthetic  mixtures  in  the  presence  of  trivalent  iron  was  the 
same  as  that  used  for  pure  vanadium  solutions. 

The  results  obtained  are  given  in  Table  2. 

TABLE  2 


Vana¬ 

dium, 

taken, 

mg 

Iron  ! 

added , 
mg 

Vanadi¬ 

um 

found, 

mg 

Eli 

ror 

mg 

% 

2,00 

4 

2,07 

+0,07 

+3,5 

2,00 

4 

1,96 

—0,04 

—2,0 

2.00 

2 

1,96 

—0,04 

—2,0 

3,00 

3  1 

3,06 

+0,06 

+2,0 

3,00 

3  1 

3,01  1 

1  +0,01 

+0,3 

Determination  of  Vanadium  in  Ferrovanadium.  A  sample  of  ferrovanadium  containing  a  known  amount 
of  vanadium  (34.96o^)  was  used  for  vanadium  determination.  0.2603  g  of  ferrovanadium  was  dissolved  in  nitric 
acid  (sp.  gr.  1.2),  the  solution  was  heated  to  remove  nitrogen  oxides,  and  was  then  neutralized  with  2.5<7o  ammonia 
solution  and  made  up  to  100  ml  (vanadium  content  0.91  mg/ ml)  Known  aliquots  of  this  .solution  were  taken  for 
vanadium  determination.  In  addition,  in  some  cases,  additional  amounts  of  vanadium  were  added. 
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TABLE  3 


Volume 
of  the fer- 
rovanadi - 
um  solu  - 
tion,  ml 

Vanadi-  1 
um  con¬ 
tent, 
mg 

Vana¬ 

dium 

added, 

mg 

Vanadi-  I 
um 

found, 

mg 

Error 

mg 

% 

4 

3,64 

3,61 

-f-0,03 

-1-0,82 

4 

3,64 

3,6.5 

(-0,01 

+0,27 

3 

2.73 

1  ,;»7 

4,7!) 

-1-0,09 

-1-1,88 

22,7 

1  .1)7 

4,7t 

)  0.01 

+0,21 

The  results  obtained  are  given  in  Table  3. 

Lead  and  copper  interfere  with  determination  of  vanadium. 

Quantitative  Determination  of  Vanadium  with  B  -Hydroxynaphthylaldoxime.  To  a  known  volume  of 
ammonium  vanadate  solution  containing  1  mg  V/ml  was  added  an  equal  volume  of  alcohol.  To  the  solution, 
which  was  heated  almost  to  the  boil, was  added  the  same  volume  of  a  2%  alcoholic  solution  of  B  -hydroxynaph¬ 
thylaldoxime,  to  which  had  been  added  beforehand  ascorbic  acid  dissolved  in  water,  at  the  rate  of  20  mg  acid  to 
each  mg  of  vanadium.  A  gray -green,  crystalline  precipitate  settled  out  immediately.  After  30  minutes  the 
precipitate  was  filtered  off  through  a  No.  4  glass  crucible,  washed  three  times  with  50^0  alcohol,  dried  at  110", 
and  weighed.  The  conversion  factor  to  vanadium  is  O-ll.^OS. 

It  is  clear  from  Table  4  that  determination  of  vanadium  by  the  method  described  gives  satisfactory  results. 

TABLE  4 


Vanadium 
taken,  mg 

Vanadium 
found,  mg 

Error 

mg 

% 

2.00 

L97 

-0.03 

-  1.5 

3.00 

2.97 

-  0.03 

-  10 

4.00 

4.06 

+  0.06 

1.5 

Analysis  of  the  Compound  Obtained 

Aliquot  0.0960  g;  0.0200  g  V2O5  obtained;  11.66«/o  V  found 

0.2174  g;  0.0450  g  V2O5;  11.59^0  V 

0.9805  g;  0.0631  g  N  6.43<7r  N 

1.0123  g;  0.0639  g  N  6.31<yr.  N 

On  the  basis  of  the  suggested  formula  (C,,H802N)2VO  the  theoretical  value  for  V  Is  11.6%  and  for  N  it  is 
6.38%. 

Results  for  the  determination  of  vanadium  in  ferrovanadium  (34.96%).  which  was  carried  out  by  the  method 
described,  are  given  in  Table  5.  Additional  amounts  of  vanadium  were  added  in  some  cases. 

Thus  the  method  of  determining  vanadium  in  ferrovanadium  by  means  of  B  -hydroxynaphthylaldoxime  gives 
completely  satisfactory  results. 

Nickel  and  copper  interfere  with  the  determination.  Quadrivalent  titanium  at  a  concentration  of  1  mg/ ml 
forms  a  fine  crystalline  precipitate  which  is  brick  red  in  color;  at  low  concentrations  (5  jjg  Tl/ml)  a  yellow  color 
is  obtained. 
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TABLE  5 

0.2860  g  of  Ferrovanadiutn  in  100  ml  Solution,  1  mg/ ml 


Vol.  of  fer-| 
rovanadi- 
um  solu¬ 
tion.  ml 

Vanadium 

content, 

mg 

Vanadi¬ 

um 

added, 

mg 

Vanadi¬ 
um  found, 
mg 

1  Error 

mg 

% 

3 

3,00 

2,95 

-0,05 

—1,67 

A 

4,00 

— 

4,06 

4-0,06 

+1.5 

3 

3,IK> 

2,00 

5,03 

-1-0,03 

+0,6 

3 

3,00 

3,00 

6,08 

-(-0,08 

+1.33 

SUMMARY 

New  gravimetric  methods  have  been  developed  for  determination  of  vanadium  in  the  form  of  [C2H5— N=^ 
=CH  •  CjoHjOljVO  and  [HON  =  CHC|oHjO]2VO  for  which  the  respective  correction  factors  to  vanadium  are 
0.10995  and  0.11598. 

By  using  ascorbic  acid  as  a  reducing  agent  vanadium  can  be  determined  in  the  presence  of  iron  without 
preliminary  removal  of  the  latter. 
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THE  ANALYTICAL  CHEMISTRY  OF  URANIUM 


i:OMMUNICATION  I.  THE  LUMINESCENT  METHOD  OF  DETERMINING  URANIUM 

V.  F.  Grigor’ev,  V.  F.  Luk’yanov,  and  E.  P.  Duderova 

Translated  from  Zhurnal  Analiticheskoi  Khimii.  Vol.  IS.  No.  2,  pp.  184-190, 
March-April,  1960 

Original  article  submitted  August  23,  19.58 


The  quantitative  determination  of  uranium  by  the  luminescent  method  is  based  on  the  capacity  of  melts 
of  sodium  fluoride,  or  fluoride -carbonate  mixtures  activated  by  uranium,  to  luminesce  on  being  irradiated  with 
ultraviolet  light  [1-4],  When  the  uranium  concentration  of  the  melt  is  less  than  1,5-20  pg/g  there  is  a  linear 
relation  between  U  concentration  and  the  intensity  of  the  radiation.  The  sensitivity  of  the  method  is  limited  by 
the  existence  of  a  residual  radiation  of  the  melt  arising  from  uranium  which  has  not  been  deliberately  added; 
depending  on  the  purity  of  the  reagents  used  and  the  experimental  conditions,  this  residual  radiation  may  be 
equivalent  to  a  uranium  concentration  of  the  melt  amounting  to  0.0001  to  0.02  pg/g  [4]. 

Hitherto,  the  luminescent  method  has  been  used  in  those  cases  where  maximum  sensitivity  or  a  rapid 
determination  is  necessary  with  a  comparatively  low  accuracy.  Increasing  the  accuracy  of  the  method  is  con¬ 
nected  not  only  with  improving  the  techniques  used  for  separating  uranium  from  interfering  impurities,  but  also 
with  improvements  in  the  techniques  used  for  preparing  luminescent  samples,  and  improvements  in  the  apparatus 
used  for  evaluating  the  intensity  of  the  luminescence.  With  the  introduction  of  photoelectric  apparatuses  into 
the  practice  of  luminescent  analysis,  rapid  variants  of  the  luminescent  determination  have  been  developed  in 
which  the  samples  are  not  given  a  preliminary  purification,  but  in  which  the  test  solution  is  diluted  and  known 
amounts  of  uranium  are  added  [4-7]. 

The  present  article  is  devoted  to  descriptions  of  some  improvements  in  the  technique  of  determining 
uranium  by  the  luminescent  method. 

Preparation  of  Luminescent  Samples 

Fluoride -carbonate  melts  are  widdy  used  for  uranium  determination.  A  fluoride -carbonate  mixture  con¬ 
sisting,  for  example,  of  9^0  NaF,  91<7cKNaC03  [8]  and  mixed  with  the  dry  residue  from  the  test  solution,  is  fused 
in  special  platinum  basins  in  the  flame  of  a  gas  burner  or  in  an  electric  oven  [4], 

After  comparing  various  methods  of  fusing  samples  in  a  flame  and  in  electric  ovens,  we  concluded  that 
the  errors  which  are  most  difficult  to  eliminate  are  those  connected  with  the  effect  of  the  atmosphere  in  which 
the  fusion  is  carried  out.  This  is  particularly  true  for  the  case  of  flame  fusion. 

The  atmosphere  in  electric  ovens  with  exposed  nichrome  heaters  proved  to  be  unsuitable  for  preparing 
luminescent  samples.  It  was  also  established  that  the  use  of  ovens  with  insulated  heaters  does  not  exclude  the 
possibility  of  very  small  sputterings  of  alloy  and  other  materials  on  the  internal  ceramic  surfaces;  this  can  lead 
to  contamination  of  the  atmosphere  in  the  oven  and  to  a  lowering  of  the  reproducibility  of  the  results. 

As  experiments  showed,  the  most  reproducible  results  are  obtained  with  an  oven  provided  with  a  renew¬ 
able  platinum  case  (Fig.  1), which  is  periodically  washed.  The  temperature  of  the  oven  is  kept  at  the  requited 
level  by  means  of  an  autotransformer  and  a  voltmeter  graduated  by  means  of  a  thermocouple.  The  oven  can 
be  readily  made  in  the  laboratory.  It  is  suitable  for  mass  determinations. 
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Fig.  1.  Electric  oven  with  renewable  platinum  case  (1  cm  corre¬ 
sponds  to  3.5  mm).  1)  Platinum  rod;  2)  glass  rod;  3)  glass  tube; 
4)  rubber  ring;  5)  platinum  basin;  6)  nichrome  spiral;  7)  asbestos 
insulation;  8)  porcelain  tube;  9)  platinum  vessel  (Smith  crucible). 


The  luminescent  disc  is  prepared  as  follows. 

The  residue  of  the  evaporated  test  solution  is  covered 
in  a  platinum  basin  5  with  some  of  the  melt  or  with  a  "blank" 
disc  prepared  beforehand.  The  basin  is  placed  in  the  ring  of 
the  platinum  rod  1  and  is  moved  into  the  oven  case.  After  a 
three  minute  fusion  the  melt  is  cooled  and  is  removed  from 
the  basin.  The  disc  is  turned  over  and  is  fused  again.  Three 
of  four  fusions  are  necessary  for  the  most  uniform  distribution 
of  the  uranium  in  the  melt. 

For  mass  determinations,  a  tube  fitted  with  a  piston 
(Fig.  2)  enables  one  to  dose  out  the  melts  rapidly  and  fairly 
accurately.  The  design  suggested  is  more  convenient  than 
that  used  earlier  by  Price  et  al.  [4]  and  is  considerably  easier 
to  make  than  a  similar  design  from  stainless  steel  [9]. 

A  glass  rod  acting  as  a  piston  1  can  be  moved  inside  the 
glass  tube  4.  The  stroke  of  the  piston  is  determined  by  the 
rubber  ring  2  and  the  stop  5,  also  made  from  a  glass  rod.  By 
altering  the  mutual  position  of  the  stop  and  the  tube  clamped 
in  the  plastic  jaw  3.  it  is  possible  to  change  the  free  volume 
of  the  tube.  By  rapid  immersions  of  the  end  of  the  tube  in 
the  powder,  the  latter  is  packed  into  the  free  volume,  from 
which  it  is  forced  out  by  means  of  the  piston  into  the  platinum  basin.  The  dosage  accuracy  is  on  the  average 
±  1.5%. 

When  mass  determinations  are  being  carried  out  it  is  also  convenient  to  use  granulated  reagent  prepared 
by  means  of  a  special  apparatus  (Fig.  3). 

Into  a  tubular  oven  which  is  connected  into  the  circuit  via  a  ferroresonance  voltage  stabilizer  and  an 
autotransformer,  is  placed  a  platinum  vessel  4,  the  lower  part  of  which  is  an  extension  with  an  internal  diameter 
of  0,5  mm,  external  diameter  2  mm,  and  12  mm  long  (the  vessel  is  prepared  from  a  Smith  crucible  and  a  sec¬ 
tion  of  a  Dreschmidt  platinum  capillary).  The  outlet  from  the  vessel  through  the  capillary  is  stopped  by  means 
of  the  conical  tip  of  a  platinum  rod  1  with  a  diameter  of  1  mm.  27  g  of  KNaC03  and  3  g  of  NaF  are  loaded  into 
the  platinum  vessel.  After  fusing,  the  mixture  is  carefully  mixed  with  a  piece  of  platinum  wire  for  several 
minutes.  After  this  the  end  of  the  platinum  rod  is  removed  from  the  capillary,  and  the  mixture,  in  the  course  of 
two  minutes,  flows  onto  the  surface  of  a  massive  steel  disc  9,  which  is  rotated  by  means  of  a  SD-60  synchronous 
motor.  After  the  granules  have  become  cold  they  are  scraped  off  with  a  scraper  into  a  quartz  flask.  The  weight 
of  the  granules  is  110  mg  and  is  reproducible  to  an  accuracy  of  ±  1%  The  granules  possess  high  mechanical 
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Fig,  2.  Tube  with  piston.  1)  Glass- 
rod  piston;  2)  rubber  ring;  3)  plas¬ 
tic  jaw;  4)  glass  tube;  5)  stop  piece; 
6)  screw. 
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Fig.  3.  Apparatus  for  preparing  granules 
(1  cm  corresponds  to  3.5  mm).  1)  Platinum 
rod;  2)  platinum  lid;  3)  porcelain  tube; 

4)  platinum  vessel;  5)  nichrome  spiral; 

6)  asbestos  insulation;  7)  platinum  capil¬ 
lary;  8)  fluoride -carbonate  drop;  9)  steel 
disc;  10)  axis  of  synchronous  motor;  11) 
rubber  pulley;  12)  bearing;  13)  scraper. 


Fig.  4.  Stand  for  holding  rods  with  platinum  loops; 

1)  Tablet;  2)  burner;  3)  spring. 

stability  and  can  be  stored  in  closed  weighing  bottles 
indefinitely.  The  apparatus  can  also  be  used  for  granulat¬ 
ing  pure  sodium  fluoride.  For  this  purpose  some  complica¬ 
tions  arise  because  of  the  high  melting  point  of  sodium 
fluoride. 

The  intensity  of  the  luminescence  of  samples  made 
from  a  pure  solution  of  a  uranyl  salt  is  reproduced  with 
an  average  relative  error  of  1.5-2«/o,  when  the  melt  is 
dosed  with  granules,  or  by  means  of  a  tube  fitted  with  a 
piston,  while  the  fusion  is  carried  out  in  an  electric  oven 
with  a  platinum  case. 


In  the  express  variant  of  the  luminescent  method  of  determining  uranium,  the  samples  are  prepared  in  the 
form  of  beads,  while  uranium  is  introduced  into  the  melt  by  immersing  a  "blank"  bead  in  the  test  solution  and 
then  fusing  it  again.  This  technique  can  be  improved  by  means  of  a  simple  apparatus,  and  by  dosing  the  solution 
with  drops.  The  apparatus  consists  of  a  tube  fitted  with  a  piston,  a  stand  on  which  several  rods  with  platinum  loops 
can  be  fitted  simultaneously,  a  forceps  to  the  tips  of  which  are  fastened  elastic  petals  made  from  foil,  and  a  micro¬ 
press  of  stainless  steel  for  pressing  portions  of  powder  into  tablets  (a  die  cylinder  200  mm  in  diameter,  and  300  mm 
long  with  an  internal  channel  4  mm  in  diameter,  along  which  a  plunger  rod  fitted  on  a  massive  base  can  slide). 

Tablets  of  sodium  fluoride  (50  mg)  are  placed,  by  means  of  a  forceps  with  soft  tips  to  prevent  the  tablets 
from  being  crushed,  on  the  platinum  loops,  and  are  fused  in  turn  in  the  flame  of  a  Mekker  burner  (Fig.  4).  A 
drop  of  test  solution  is  then  placed  on  each  tablet  by  means  of  a  drop  pipet  or  a  micropipet.  After  drying  in  a 
stream  of  hot  air,  the  tablets  are  fused  in  turn  in  the  edge  of  the  flame  until  the  last  crystal  has  disappeared. 

After  some  practice,  the  reproducibility  of  the  preparation  of  tablets  from  a  pure  solution  of  a  uranyl  salt  is  about 
±  6-7«7r  instead  of  ±  which  is  characteristic  of  the  express  method,  in  which  dosing  witii  the  solution  is  car¬ 

ried  out  by  immersing  a  "blank"  bead  in  it. 

It  should  be  pointed  out  that  the  error  in  dosing  the  melt  and  the  solution  in  the  variant  described  does  not 
exceed  2fl/r>. 

The  scatter  of  6-7<yp  is  determined  by  variations  in  the  conditions  of  fusing  in  the  flame. 


Measurement  of  the  Intensity  of  Luminescence 

The  accuracy  of  a  luminescent  determination  is  determined  to  a  very  large  degree  by  the  method  of 
measuring  the  luminescence  intensity.  Without  any  doubt  photoelectric  measurement  [4,  10-12)  is  the  most 
developed. 
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Fig.  S,  Optical-electric  setup  of  the  photometer. 


Among  the  problems  confronting  us  was  the  development  of  a  luminescent  photocolorimeter  which  would 
have  the  requisite  sensitivity  and  accuracy,  and  would  be  sufficiently  compact  and  simple. 

The  apparatus,  which  was  based  on  a  one-lens  optical  system  with  direct  reading,  has  a  casette  which  is 
suitable  for  working  with  both  disc  samples  and  with  beads. 

The  source  of  the  exciting  radiation  is  an  incandescent  lamp  with  a  power  of  50  watts  fed  from  a  ferro- 
resonance  voltage  stabilizer.  The  compactness  of  the  incandescent  body  combined  with  the  optical  system, 
make  possible  the  efficient  use  of  the  light  flow  of  the  lamp,  and,  when  a  sensitive  photoelectric  setup  is  availa¬ 
ble,  it  can  be  used  instead  of  the  mercury  quartz  source  which  is  less  convenient  to  operate. 

The  image  of  lens  Oj  is  projected  by  lens  O2  (Fig.  5)  onto  the  surface  of  the  sample  in  the  form  of  a 
uniformly  illuminated  circle.  An  ultraviolet  filter  is  set  up  in  the  ray  path.  The  image  of  the  luminescing 
sample  is  projected  by  lens  O3  onto  the  surface  of  the  diaphragm  D  which  holds  back  the  light  of  the  luminescence 
from  the  contaminated  surface  of  the  casette.  The  uniformly  illuminated  image  of  lens  O3  is  projected  onto  the 
surface  of  the  photocathode  surface  by  lens  O4. 

The  yellow -green  filter  C2  and  the  light-blue  filter  C3  absorb  the  interfering  primary  radiation  passing 
through  filter  C,  and  scattered  by  the  sample  surface.  The  photocurrent  of  the  multiplier  is  amplified  by  the 
tubes  T,,  T2,  and  T3  and  causes  a  deflection  of  the  microammeter  needle  which  is  proportional  to  the  intensity 
of  the  radiation  from  the  sample.  The  sensitivity  range  is  selected  by  the  switch  S,  in  the  grid  circuit  of  the 
emplifier. 

The  apparatus  is  designed  so  that  checking  can  be  carried  out  by  correcting  the  sensitivity  by  means  of  a 
special  luminescing  standard  ST  which  can  be  inserted  into  the  optical  system  instead  of  the  sample  being  meas¬ 
ured  by  means  of  a  mirror  M  connected  firmly  with  the  switch  S2.  Such  a  design  enables  one  to  correct  the 
sensitivity  of  the  photometer  before  each  measurement  for  any  position  of  the  switch  S,.  The  sensitivity  is  con¬ 
trolled  by  means  of  a  potentiometer  Rg  which  alters  the  voltage  of  the  supply  FEU .  The  high  voltage  for  feeding 
the  photomultiplier  is  developed  by  an  impulse  source  on  the  tube  T4  and  by  the  left  half  of  the  double  triode 
Tg  stabilized  by  an  electronic  stabilizer  on  tubes  Tg,  Tg,  and  Tg. 

Variations  in  the  circuit  voltage  and  changes  in  the  parameters  of  the  scheme  are  not  reflected  in  the 
measurements,  thanks  to  the  use  of  the  internal  standard. 

When  the  needle  of  the  apparatus,  with  the  illuminator  switched  off,  is  set  on  zero,  then  the  reading  given 
by  the  illuminated,  hardened,  but  still-hot  disc,— i  e.,  known  not  to  luminesce— does  not  exceed  1  mm,  while  the 
readily  from  the  cold  "blank"  disc  prepared  from  a  reagent  chosen  on  the  basis  that  it  has  the  least  luminescence 
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TABLE  1 


Determination  of  Uranium  in  Ores  by  the  Method  of  Additions 


Specified  U 
content  of 
the  ore. 

U  found,  % 

Mean,  % 

Mean  error 
(relative), 

1o 

0.028 

0,022 

(»,024 

0,02'* 

0,031 

0,02(5 

—  7,2 

0,025 

0,025 

0,016 

0,016 

0,015 

0,014 

0,013 

0,014 

—12,5 

0,072 

0,069 

0,078 

0.068 

0,077 

0,072 

0 

0,072 

0,065 

0,102 

0,089 

0,093 

0,093 

0,088 

0,094 

—  7,8 

0,108 

0,090 

o,or.fl 

0,058 

0,066 

0,058 

— 

0,059 

0 

0,051 

0,062 

0,082 

0,082 

0,091 

0,086 

— 

0,082 

0 

0,081 

0,072 

0,070 

0,076 

0,080 

0,090 

0,079 

0,079 

fl2.8 

0,072 

— 

is  8  mm.  The  residual  luminescence  of  this  disc  is  equivalent  to  a  uranium  concentration  of  the  melt  of 
0.004  pg/g.  Over  the  maximum  sensitivity  range,  the  full  scale  deflection  corresponds  to  a  concentration  of 

0.08  |ig/g. 

The  overlap  coefficients  for  the  ranges  is  equal  to  three.  Readings  for  a  disc  which  has  a  uniform  uranium 
distribution  (4.8  pg/g)  and  has  been  stored  in  a  desiccator  are  reproducible  over  a  period  of  a  week  with  an  ac¬ 
curacy  of  ± 

Determination  of  Uranium  without  Preliminary  Purification  of  the  Samples 

It  is  known  that  in  the  presence  of  a  large  part  of  impurities,  the  linear  relationship  between  the  uranium 
concentration  of  a  melt  and  the  intensity  of  the  luminescence  is  maintained.  The  proportionality  coefficient 
depends  on  the  composition  of  the  solution  and  the  concentration  of  impurities,  but  is  almost  independent  of  the 
uranium  concentration  [4]. 

The  relation  between  the  luminescence  intensity  and  the  uranium  concentration  of  the  melt  can  be  ex¬ 
pressed  by  the  equation 

"x  =  Kpc  (X  +  <^) 

where  nx  is  the  reading  given  by  a  sample  activated  by  the  amount  of  uranium  it  is  required  to  determine;  x  is 
the  sought-for  weight  of  uranium  in  the  sample;  (p  is  the  amount  of  uranium  equivalent  to  the  radiation  given 
by  a  "blank*  sample,  and  Kp^  is  the  proportionality  coefficient  in  the  presence  of  impurities. 

It  is  assumed  that  the  impurities  which  are  present  affect  the  luminescence  of  the  "blank"  sample  in  the 
same  way  as  they  affect  the  luminescence  of  the  sample  containing  uranium.  On  adding  to  a  sample,  an  ad¬ 
ditional.  known  amount  of  uranium,  the  luminescence  intensity  increases;  nx  +  a  Kp^  (x  +  +  a),  the  propor¬ 

tionality  coefficient  being  the  same,  since  the  composition  and  the  amount  of  impurities  remains  the  same  as 
before.  From  these  two  equations  we  find  that 
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TABLE  2 

Determination  of  Uranium  in  Ores  using  Preliminary  Dilution 


Specified 

U  content  of 
the  ores, 

an  ore  sample 

of  100  mg  was 
used,  ml 

U  found,  % 

Mean,  % 

0,031 

.'iO 

0,028 

0,029 

n.029 

0,038 

0,022 

0,021 

0,015 

0,010 

.‘■(O 

0,015 

— 

n.oi.'i 

0,011 

0,015 

0,070 

250 

0,075 

0,067 

0,055 

0,072 

0,067 

O.O.Y.) 

1.50 

0,067 

0,0.57 

0,062 

0,066 

0,059 

0,074 

0,074 

(>,072 

(»,072 

200 

0,076 

0,066 

Table  1  contains  results  obtained  during  the  determination  of  uranium  by  such  a  technique  in  several 
samples  from  different  deposits. 

The  luminescing  discs  were  prepared  in  an  electric  oven  with  a  platinum  case  from  a  solution  obtained 
directly  after  decomposition  of  the  ore.  In  parallel,  samples  were  prepared,  the  uranium  in  which  had  been 
introduced  simultaneously  from  the  test  solution  and  from  a  solution  with  a  known  uranium  concentration. 

It  should  be  noted  that  there  is  a  considerably  greater  scatter  between  the  radiation  intensities  of  individual 
samples  than  in  the  case  of  samples  prepared  from  pure  solutions  of  uranyl  salts.  This  can  be  partly  explained  as 
follows.  With  increasing  concentration  of  the  extinguisher,  the  luminescence  intensity  drops,  and  approximates 
to  some  limiting  value  corresponding  to  saturation  of  the  melt  with  dissolved  impurity.  Excess  of  the  impurities 
deposits  on  the  bottom  of  the  basin  and  does  not  interfere  with  the  photometric  determination  of  the  upper,  radiating 
layers  of  the  sample.  With  increasing  amounts  of  undissolved  residue,  the  latter  penetrates  into  the  upper  layers 
of  the  sample,  causing  further  weakening  of  the  light  beam.  Uneven  distribution  of  floes  of  deposits  in  the  melt 
cause  a  scatter  in  the  readings  of  the  apparatus.  In  order  to  achieve  the  highest  accuracy  by  the  method  of  ad¬ 
ditions,  it  is  useful  to  couple  the  determination  with  a  simple  partial  purification,  and,  if  possible,  with  prelim¬ 
inary  dilution  of  the  test  solution. 

When  the  proportionality  coefficient  between  the  illumination  and  the  concentration  is  equal  to  Kq  for 
samples  prepared  from  pure  solutions  of  uranyl  salts,  while  for  samples  containing  impurities,  this  coefficient  is 
Kpc.  then,  on  diluting  the  solution,  the  ratio  Ko/Kpc  tends  to  unity.  Thus  by  suitable  dilution  of  the  test  solu¬ 
tion,  it  is  possible  to  decrease,  or  even  to  exclude  the  influence  of  the  impurities,  and  to  carry  out  a  determin¬ 
ation  without  preliminary  purification. 

Table  2  contains  results  for  the  determination  of  uranium  in  ores,  in  which  dilution  without  preliminary 
removal  of  interfering  elements  was  used.  The  samples  were  prepared  in  the  form  of  beads. 

SUMMA  RY 

An  electric  furnace  with  a  platinum  case  is  suggested  for  preparing  luminescent  samples  with  increased 
accuracy.  The  reproducibility  of  luminescent  discs  prepared  from  a  fluoride -carbonate  mixture  and  a  pure  solu¬ 
tion  of  a  uranyl  salt,  amounts  to  ±  2°Joon  the  average. 

A  tube  fitted  with  a  piston  is  suggested  for  measuring  out  (dosing)  the  powder.  The  dosage  accuracy  is 

An  apparatus  is  suggested  for  granulating  the  melts.  The  granules  are  of  uniform  composition  and  possess 
high  mechanical  stability.  The  weight  of  the  granules  is  110  mg  and  can  be  reproduced  with  an  accuracy  of 
±  1%. 
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An  improved,  express  variant  of  the  method  of  preparing  samples  in  the  form  of  drops  (beads)  is  suggested. 
The  reproducibility  of  the  luminescence  of  beads  prepared  from  sodium  fluoride  and  a  pure  solution  of  a  uranyl 
salt  is  equal  to  on  an  average. 

A  design  has  been  developed  for  a  photoelectric  apparatus  for  measuring  the  luminescence  Intensity  of 
discs,  beads,  and  powders.  Full  scale  deflection  of  the  needle  (150  mm)  at  the  maximum  sensitivity  range  of 
the  apparatus  corresponds  to  a  uranium  concentration  in  a  disc  of  0.08  pg/g.  Readings  for  samples  with  a 
uniform  distribution  of  uranium  are  reproduced  with  an  accuracy  of  ±  1.5%. 

Methods  for  determining  uranium  without  preliminary  purification  have  been  tested  on  standard  ores. 
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Methods  were  described  previously  for  the  preparation,  storage,  and  standardization  of  solutions  of  trivalent 
molybdenum  [1].  It  was  shown  that,  under  certain  conditions,  a  fully  stable  solution  can  be  obtained.  In  the 
work  described  here  a  study  was  made  of  the  possibility  of  determining  sexivalent  molybdenum  quantitatively  in 
the  presence  of  a  number  of  elements  by  titration  with  a  solution  of  a  trivalent  molybdenum  salt.  The  values  of 
the  potentials  of  Mo^/Mo^^^  and  have  been  measured  by  a  number  of  authors  [2-4].  There  is  an 

incidental  reference  in  the  literature  [5]  that  during  titration  of  sexivalent  molybdenum  with  a  solution  of  trivalent 
molybdenum,  at  a  certain  point  there  is  a  fairly  clearly  defined  potential  jump  on  the  platinum  electrode.  The 
reduction  of  Mo'^^  by  a  solution  of  a  Mo^^^  salt  to  give  Mo'^  in  a  hydrochloric  acid  solution  has  already  been 
studied  [6]. 


EXPERIMENTAL 

Standard  solutions  of  trivalent  molybdenum  salts  were  prepared  and  stored  as  described  before  [1]. 

Ammonium  molybdate  solutions  were  prepared  by  dissolving  the  chemically  pure  salt  in  water;  the  solu¬ 
tions  were  standardized  by  weighing  molybdenum  as  PbMo04. 

The  apparatus  was  the  same  as  that  described  previously.  A  saturated  calomel  electrode  was  used  as  the 
reference  electrode.  A  platinum  disc  was  used  as  the  indicator  electrode. 

Results  of  a  Stud y  of  the  Reduction  of  Sexiva lent  Mo ly b den u m  by  a  Trivalent 
Molybdenum  Sol u t i o n 

Trivalent  molybdenum  under  certain  conditions  should  reduce  sexivalent  molybdenum  to  quinquevalent 
molybdenum,  or  less  likely,  to  the  quadrivalent  state.  There  are  many  published  references  [7]  to  the  existence 
of  quadrivalent  molybdenum.  At  the  same  time,  during  potentiometric  reductometric  titrations,  no  potential 
jumps  are  observed  corresponding  to  the  completion  of  the  reduction  of  molybdenum  to  the  quadrivalent  state. 
Accordingly,  the  first  thing  we  had  to  clarify  was  how  trivalent  molybdenum  reacts  with  sexivalent  molybdenum 
under  various  conditions. 

During  a  study  of  the  quantitative  proportions  during  the  interaction  of  sexi-  and  trivalent  molybdenum, 

70  ml  of  8-10  N  HCl  was  added  to  a  known  volume  of  a  standard  ammonium  molybdate  solution,  atmospheric 


•For  Communication  1,  see  Zhur.  Anal.  Khim.  14,  668  (1959).* 
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oxygen  was  removed  from  the  solution  by  passing 
carbon  dioxide  through  it  for  20-2f>  minutes,  and  the 
solution  then  titrated  with  trivalent  molybdenum  solu¬ 
tion  at  55-65*  using  a  platinum  indicator  electrode. 
The  trivalent  molybdenum  solution  was  standardized 
against  potassium  dichromate  using  Mohr’s  salt. 

Only  one  large  potential  jump  was  observed  on 
the  titration  curves;  this  corresponded,  as  the  results 
given  in  Table  1  show,  to  completion  of  the  reduction 
of  sexivalent  molybdenum  to  the  quinquevalent  state. 

Thus,  in  a  hydrochloric  acid  medium,  one  mole 
of  trivalent  molybdenum  reduces  two  moles  of  molyb¬ 
date  exactly.  The  course  of  the  reaction  can  be  ex¬ 
pressed  by  the  equation: 

2MoO“  +  Mo‘"  -f  16H+  =  21^0^^  +  8H,0. 

Since  the  reaction  proceeds  strictly  stoichiome  - 
trically  and  rapidly  under  certain  conditions,  it  can 
be  used  as  the  basis  of  a  potentiometric  method  for 
determining  molybdenum.  It  is  evident  from  the 
equation  that  the  gram  equivalent  of  molybdate  is 
equal  to  its  molecular  weight,  while  the  gram  equiv¬ 
alent  of  trivalent  molybdenum  is  equal  to  half  of  its 
atomic  weight. 

The  effect  of  the  hydrochloric  acid  concentration  in  the  solution  being  titrated  on  the  titration  curve  of 
sexivalent  molybdenum  with  trivalent  molybdenum  solution  is  evident  from  Fig.  1.  When  the  initial  hydrochlo¬ 
ric  acid  in  the  solution  being  titrated  is  greater  than  8  N,  reduction  of  sexivalent  molybdenum  with  a  trivalent 
molybdenum  solution  is  strictly  stoichiometric.  When  the  initial  hydrochloric  acid  concentration  is  <  6N,  a 
larger  amount  of  trivalent  molybdenum  is  used  for  titrating  the  sexivalent  molybdenum  than  is  theoretically 
necessary.  Decreasing  the  hydrochloric  acid  concentration  of  the  solution  being  titrated  leads  to  a  decrease  in 
the  potential  jump,  and,  at  the  same  time,  slows  down  the  rate  of  reduction.  It  must  be  pointed  out  that  during 
titration  of  sexivalent  molybdenum  with  a  solution  of  trivalent  molybdenum  in  hydrochloric  acid  (1  :  1),  or  in 
a  medium  of  concentrated  HCl,  on  addition  of  large  amounts  of  KCl,  CaCl2  '  SHjO,  or'MgClj  (Fig.  2),  the  po¬ 
tential  jump  occurs  at  the  equivalence  point,  but  addition  of  KCl  or  MgCl2  does  not  have  any  appreciable  effect 

TABLE  1 

Titration  of  Sexivalent  Molybdenum  with  Trivalent  Molybdenum  in  Hydrochloric  Acid 

Media 


mv 


Fig.  1.  Titration  curves  of  sexivalent  molybdenum 
with  a  trivalent  molybdenum  salt  solution  in  hydro¬ 
chloric  acid  media.  In  each  case  5.0  ml  of  0.1  M 
ammonium  molybdate  (0.04795  g  Mo)  and  70  ml 
of  hydrochloric  acid  of  varying  concentrations  were 
taken.  '^Mo”Vmo^'^  "  0.006448.  Capacity  of 
titration  vessel  150  ml.  1)  HCl  (sp.gr.  1.19)  at 
55-60* ;2)HCl(2:l)at 55-60*;  3)HCl(l:l)at  70- 
75*;  4)  HCl  (1  :  2)  at  70-75*.  The  potential  jump 
of  the  platinum  electrode  on  curves  1,  2,  3,  and  4  is 
found, respectively, on  addition  of  7.6,  7.5,  7.7,  and 
9.2  ml  of  trivalent  molybdenum  solution. 


Ammonium  molybdate  taken 

Amt.  of  Mo^ii  used  up  to  get  the  po¬ 
tential  jump 

Molar  ratio 
mg'"/ Mo”' 

solution, 

ml 

VI 

Mo 

mM 

solution,  1 
ml 

1 

Mo^^^  mM 

10,00 

0,009590 

0,9995 

11,96 

0,004014 

0,5003 

1,998 

10,00 

0,009590 

0,9995 

11,41 

0,004195  1 

0,4989 

2,003 

10,00 

0,009590 

0,9995 

12,63 

0,003800 

0,5002 

1,998 

20,00 

0,004808* 

1,002 

12,02 

0,003894 

0,5003 

2,003 

10,00 

0,009590 

0,9995 

12,0 

0,003894 

0,4995 

2,001 

•The  molybdenum  content  was  determined  by  weighing  it  in  the  form  of  molybdenum 
8  -hydroxyquinolate . 
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Fig.  2.  Titration  curves  of  sexivalent  molybdenum  in  hydrochloric  acid 
media  in  the  presence  of  potassium  chloride,  calcium  chloride  or  magne¬ 
sium  chloride.  In  each  case  fS.O  ml  of  0.1  M  ammonium  molybdate 
(0.04795  g  Mo)  was  taken,  together  with  70  ml  of  hydrochloric  acid  of 
varying  concentration  and  KCl  to  the  saturation  point,  25  g  CaCl2  •  OHjO 
or  20  g  MgCl2.  Temperature  70-75".  Capacity  of  titration  vessel  150  ml. 

1)  HCl,  1:1;  2)  HCl  1  :  1,  KCl  to  saturation;  3)  HCl  1  :  1,  25  g 
CaCl2  •  GHjO;  4)  HCl  1  ;  1.  20  g  MgClj;  5)  HCl  1  ;  2.  KCl  to  saturation; 

6)  HCl  2  :  1;  7)  HCl  2  :  1.  KCl  to  saturation;  8)  HCl  2  :  1,  25  gCaCl2' 6H2O; 

9)  HCl  2t  ;  1,  20  g  MgCl2.  The  potential  jump  of  the  platinum  electrode  on 
curve  5  is  located  at  8.6  ml  of  Mo^^^  solution,  in  the  remaining  curves  it  is 
found  at  7.5  ml  of  Mo^^^  solution. 

on  the  value  of  the  potential  jump  and  the  reaction  rate.  When  more  dilute  hydrochloric  acid  (1  ;  2)  is  used, 
addition  of  KCl  does  not  enhance  the  definition  of  the  potantial  jump  and  does  not  increase  the  rate  at  which 
it  is  established,  and  the  potential  jump  does  not  coincide  with  the  equivalence  point 

In  Fig.  3  and  4  are  shown  the  curves  for  the  titration  of  sexivalent  molybdenum  with  a  trivalent  molyb¬ 
denum  solution  in  a  strongly  hydrochloric  acid  medium  (with  a  platinum  indicator  electrode)  in  the  presence 
of  orthophosphoric  or  boric  acid,  silicic  acid,  tartaric,  citric,  or  oxalic  acid. 

Small  amounts  of  orthophosphoric  or  boric  acid  hardly  interfere  at  all  with  the  determination  of  molyb¬ 
denum.  In  the  presence  of  large  amounts  of  orthophosphoric  or  boric  acid  the  potential  jump  occurs  somewhat 
later  than  the  equivalence  point,  however,  the  error  that  is  observed  can  be  disregarded  in  many  cases.  Silicic 
acid  shows  hardly  any  effect  on  the  titration  process.  Tartaric,  citric,  and  oxalic  acids  have  hardly  any  effect 
on  the  position  and  the  value  of  the  potential  jump  during  the  titration  of  molybdenum  in  a  strongly  hydrochlo¬ 
ric  acid  medium.  In  the  absence  of  hydrochloric  acid,  when  the  solution  contains  molybdate  alone  and  only  one 
of  the  acids  indicated,  no  potential  jump  is  observed. 

Of  some  interest  is  the  replacement  of  the  platinum  electrode  by  electrodes  made  of  other  more  readily 
available  materials  during  the  potentiometric  titration  of  sexivalent  molybdenum  with  a  trivalent  molybdenum 
solution  in  hydrochloric  acid  media. 

It  is  clear  from  Fig.  5  that  a  clearly  defined,  large  potential  jump  is  observed  at  an  initial  HCl  concen¬ 
tration  of  2  :  1  on  titrating  with  platinum,  graphite,  and  amalgamated  platinum  electrodes;  when  a  tantalum  and 
tungsten  electrodes  are  used  only  a  small  potential  jump  is  observed.  Accordingly,  tantalum  and  tungsten  elec¬ 
trodes  cannot  be  recommended  for  the  titration,in  practice, of  sexivalent  molybdenum  with  a  trivalent  molyb¬ 
denum  solution. 
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Fig.  3.  Titration  curves  of  sexivalent  molybdenum  in 
hydrochloric  acid  media  in  the  presence  of  orthophosphor - 
ic,  silicic  or  boric  acids.  In  each  case  the  following  amounts 
were  taken:  10.0  ml  of  0.1  M  ammonium  molybdate  (0.09535 
g  Mo),  60  ml  of  hydrochloric  acid  (sp.gr,  1.19)  and  orthophos- 
phoric,  silicic,  or  boric  acids.  Temperature  60-65*.  Capacity 
of  titration  vessel  150  ml.  1)  HCl;  2)  HCl,  1  ml  of  orthophos- 
phoric  acid  (sp.  gr.  1.7);  3)  HCl,  10  ml  of  orthophosphoric  acid 
(sp.gr.  1.7);  4)  HCl,  3  g  boric  acid;  5)  HCl,  5  g  boric  acid; 

6)  HCl,  1  g  sodium  silicate.  The  potential  jumps  of  the  pla¬ 
tinum  electrode  on  curves  1,  2.  3,  4,  and  5  are  located. respec¬ 
tively, at  points  corresponding  to  the  addition  of  11.01,  11.02,  11.06, 

11.06,  11.03,  and  11.05  ml  of  Mo^^^  solution  = 

=  0.0086'’6);  on  curve  6  it  is  found  at  11.92  ml  of  Mo^^^  solution 
(TmJH  /moVI  =  0.008013). 

It  is  possible  that  tungsten  and  tantalum  electrodes  behave  partly  as  oxide-hydrogen  electrodes  under  titra¬ 
tion  conditions  used. 

Tungsten  does  not  interfere  with  the  titration  of  sexivalent  molybdenum  with  a  tri valent  molybdenum  solu¬ 
tion  in  a  concentrated  hydrochloric  acid  medium  under  certain  conditions.  The  hydrochloric  acid  concentration 
should  be  such  that  all  the  tungsten  is  in  .>olution.  As  the  amount  of  tungsten  increases, the  positive  experimental 
error  obtained  increases  (Table  2).  When  tungsten  is  kept  in  solution  by  addition  of  oxalic  acid,  while  a  high 
concentration  of  hydrochloric  acid  is  maintained,  satisfactory  results  can  be  obtained  for  molybdenum  in  the 
presence  of  relatively  large  amounts  of  tungsten  (Table  3).  When,  during  titration  of  molybdenum,  a  turbidity 
develops  on  account  of  tungstic  acid,  inaccurate  results  are  obtained  for  molybdenum. 

The  following  procedure  is  adopted  for  the  determination  of  molybdenum  in  the  presence  of  tungsten.  To 
the  weakly  acid  solution  of  sodium  molybdate  and  tungstate  is  added  a  sufficient  amount  of  oxalic  acid  and  the 
solution  evaporated  to  the  appearance  of  the  first  crystals  on  the  walls  of  the  vessel.  To  the  solution  is  then  added 
60  ml  of  concentrated  hydrochloric  acid,  while  the  solution  remains  completely  clear  all  the  time;  all  the  tungsten 
is  found  in  solution  in  the  form  of  the  oxalate  complex.  If  the  solution,  after  addition  of  oxalic  acid.  Is  not  evapo¬ 
rated,  then  on  subsequent  addition  of  60  ml  of  concentrated  hydrochloric  acid,  a  turbidity  of  tungstic  acid  is 
formed  which  then  dissolves;  however,  incorrect  results  are  obtained  for  molybdenum.  The  hydrochloric  acid 
oxalate  solution  obtained  is  titrated  with  a  solution  of  a  trivalent  molybdenum  salt  in  a  CO2  atmosphere  at 
60-65*.  A  large  potential  jump  is  observed  at  the  end  point.  When  such  a  technique  is  used. satisfactory  results 
are  obtained  for  molybdenum,  even  in  the  presence  of  relatively  large  amounts  of  tungsten  (Table  3).  The  error 
for  molybdenum  decreases  with  increasing  amounts  of  oxalic  acid  used  for  keeping  the  tungsten  in  solution  in  a 
concentrated  hydrochloric  acid  medium. 
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Fig.  4.  Titration  curves  of  sexivalent  molybdenum  in  hydrochloric 
acid  media  in  the  presence  of  oxalic,  citric,  and  tartaric  acids.  10.0 
ml  of  0.1  M  ammonium  molybdate  (O.OO.'SSS  g  Mo)  was  taken  in  each 
case  together  with  hydrochloric  acid,  oxalic,  citric,  or  tartaric  acid. 

Temperature  60-65*.  Capacity  of  titration  vessel  150  ml. 

"^Mo  ~  0.008676).  1)  60  mlHClfsp.gr.  1.19),  15g  oxalic  acid; 

2)  60  ml  HCl  (sp.gr.  1.19),  15  g  citric  acid;  3)  60  ml  HCl  (sp.gr.  1.19), 

10  g  tartaric  acid;  4)  60  ml  of  a  saturated  solution  of  oxalic  acid  in  the 
absence  of  hydrochloric  acid;  5)  60  ml  of  a  saturated  solution  of  citric 
acid  in  the  absence  of  HCl;  6)  60  ml  of  a  saturated  solution  of  tartaric 
acid  in  the  absence  of  HCl.  The  potential  jump  of  the  platinum  elec¬ 
trode  on  curves  1,  2,  and  3  is  found  at  a  point  corresponding  to  the  ad¬ 
dition  of  11.01  ml  of  Mo^^  solution,  while  on  curves  4,  5,  and  6  no 
potential  jump  is  observed  at  all. 

When,  Instead  of  60  ml  of  concentrated  hydrochloric  acid  (when  30  g  of  oxalic  acid  is  used),  60  ml  of 
HCl  1:1,  HCl  1  :  2,  or  HCl  1  :  3  is  used,  high  results  are  obtained  for  molybdenum,  the  results  being  higher 
the  lower  the  initial  hydrochloric  acid  concentration  (instead  of  12.80  ml  of  Mo^^^  solution,  13.04,  13.40,  and 
13.80  ml  of  solution  was  used/espectively ).  Under  these  conditions  only  a  small  potential  jump  was 
observed.  Tests  showed  that  tartaric  and  citric  acids  were  not  effective  in  keeping  the  tungsten  in  solution  in 
concentrated  hydrochloric  acid  (to  an  aqueous  solution  of  molybdate  and  tungstate  was  added  excess  of  tartaric 
or  citric  acid,  the  solution  was  then  evaporated  to  the  appearance  of  crystals,  and  concentrated  hydrochloric 
acid  added).  In  these  cases  unsatisfactory  results  were  obtained  during  titration  of  molybdenum  (Table  4). 

Nickel,  cobalt,  and  cadmium  have  almost  no  effect  on  the  titration  results  of  sexivalent  molybdenum  in 
a  concentrated  hydrochloric  acid  medium  (in  the  absence  of  oxalic  acid).  Thus,  11.01  ml  of  Mo^^^  solution  was 
expended  in  titrating  10.0  ml  of  0.1  M  molybdate  solution  (Tj^io  "  0.009535),  while  for  titrating  the  same  amount 
of  molybdate  to  which  had  been  added  5  ml  of  0.1  M  solutions  of  nickel,  cobalt,  or  cadmium  chloride.  11.15, 
11.09  and  11.16  ml  of  solution  was  used  Mo'^^  ~  0.008676).  Titanium,  aluminum,  magnesium, 

and  bismuth  have  hardly  any  effect  on  the  titration  results  for  molybdenum  (5.0  ml  of  the  0.1  M  solutions  of  the 
salt  of  each  element  was  added).  Permanganate  and  dichromate  are  reduced  at  65-80"  in  a  strongly  hydrochloric 
acid  medium  to  the  lower  valence  states  with  liberation  of  free  chlorine  which  is  removed  by  passing  COj  through 
the  solutions,  as  a  result  of  this,  correct  results  are  obtained  during  titration  of  sexivalent  molybdenum. 

Ouinqueva'ent  vanadium  is  partially  reduced  at  65-80*  by  concentrated  hydrochloric  acid  to  the  quadri¬ 
valent  state.  During  subsequent  titration  with  a  trivalent  molybdenum  solution,  two  potential  jumps  are  observed, 
the  position  of  which  does  not  permit  calculation  of  the  amount  of  molybdenum. 
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TABLE  2 


Determination  of  Molybdenum  in  the  Presence  of  Tungsten  (0.1  M  ammonium 
molybdate  =  0.009541  +  0.1  M  solution  of  sodium  tungstate  +  60  ml  of 
concentrated  HCl.  Temperature  60-65*) 


Taken,  mg  ] 

Ratio  of 
ntolybdenum 
to  tungsten 

Mo 

found, 

mg 

Exptl.  error 

Mo 

\V 

mg 

% 

95,41 

18 

0,19 

96,08 

-f0,68 

0,70 

95,41 

36 

0,38 

96,32 

+0,91 

0,95 

95,41 

54 

0,57 

96,40 

+0,99 

1,04 

95,41 

72 

0,76 

97,12 

+1.71 

1,79 

95,41 

90 

0,95 

97,24 

+1 ,83 

1,92 

95,41 

108 

1,14 

99,50 

+4,09 

4,29 

95,41 

126 

1,33 

100,16 

+4.75 

4,98 

95,41 

144 

1,52 

100,84 

+5,43 

5,69 

95,41 

162 

1,71 

101,56 

+6,15 

6,45 

95,41 

180 

1,90 

101,80 

+6,39 

6,70 

47,70 

90 

1,89 

48,50 

+0,80 

1,67 

47,70 

108 

2,26 

50,18 

+2,38 

4,99 

47,70 

126 

2,64 

51,98 

+4,28 

8,97 

47,70 

144 

3,02 

52,20 

+4,50 

9,43 

47,70 

162 

3,35 

53,16 

+5,46 

11,45 

47,70 

180 

3,77 

54,80 

H-7,10 

14,88 

TABLE  3 

Determination  of  Molybdenum  in  the  Presence  of  Tungsten 


Taken, 

mg 

Amount  of 
^2^04  used 
to  keep  tung¬ 
sten  in  sol. 

Ratio 

Mo:W 

Mo 

found, 

mg 

Exptl.  error 

Mo 

\v 

mg 

% 

95,41 

360 

20 

3,77 

95,48 

+0,07 

+0,07 

95,41 

540 

10 

5,66 

99,06 

+3,65 

-1-3,82 

95,41 

.540 

20 

5,66 

95,70 

+0,29 

+0,30 

95,41 

540 

30 

5,66 

95,48 

+0,07 

+0,07 

95,41 

1K)0 

40 

9,43 

95,54 

+  0,13 

+0,13 

95,41 

lOS*.) 

r)<» 

11,-32 

95,11 

—0,30 

—0,31 

95,41 

1260 

60 

13,20 

95,54 

-1-0,13 

+0,13 

47,71 

720 

:io 

15 

48,02 

+0.31 

-f-0,65 

47,71 

1440 

80 

30,18 

47,88 

+0,17 

+0,35 

143,12 

720 

40 

5,03 

142,65 

+0,47 

—0,32 

190,82 

720 

40 

3,77 

190,32 

—0,5 

—0,26 

95,41 

720 

;io 

7,54 

95,48 

+0,07 

+0,07 

95,41 

360 

20 

3,77 

104,43 

+9,02 

-1  9,4.5* 

•After  adding  oxalic  acid  to  the  solution  of  molybdate  and  tungstate  the 
solution  was  not  evaporated;  accordingly,  unsatisfactory  results  were  ob¬ 
tained  for  molybdenum. 

Sexivalent  uranium  is  reduced  by  trivalent  molybdenum  and  interferes  with  titration  of  sexlvalent  molyb¬ 
denum. 

Tellurium*  does  not  interfere  with  molybdenum  determination.  During  titration  in  a  concentrated  hydro¬ 
chloric  acid  medium  the  molybdenum  is  reduced  first.followed  by  the  tellurium  (Table  5).  Two  potential  jumps 
are  observed  on  the  titration  curves. 


•The  tellurium  solution  was  prepared  as  follows:  0,5  g  of  tellurium  metal  was  dissolved  in  nitric  acid;  after  the 
tellurium  had  dissolved  the  solution  was  evaporated  with  H2SO4  to  the  appearance  of  SO3;  then  the  solution  was 
finally  made  up  to  250  ml  w  ith  water. 
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TABLE  4 

Titration  of  Molybdenum  in  the  Presence  of  a  Large  Amount  of  Tungsten 


Taken,  mg  I 

Ratio 

Mo:  W 

Added,  g  | 

Mo 

found, 

mg 

Exptl.  error 

Mo 

w 

citric 

1  acid 

tartaric 

acid 

mg 

% 

9.5, 9fi* 

360 

3,77 

15 

106,48 

+10,58 

11,03 

9r),9l> 

360 

3,77 

20 

102,47 

+  6,57 

6,85 

95,90 

360 

3,77 

15 

95,65 

—  0,25 

0,26 

95,90 

180 

1,88 

10 

101,17 

+  5,27 

5,49 

95,90* 

360 

3,77  1 

15 

113,03 

+17,13 

17,86 

95,90 

360  1 

3,77  1 

15 

106,37 

+10,47 

10,92 

95,90 

360 

3,77 

20 

97,76 

+  1.86 

1,94 

95,90 

180 

1,88 

10 

99,95 

-i-  4,05  1 

4,22 

*  Without  evaporation  of  the  solution  after  addition  of  citric  and  tartaric  acid. 


TABLE  5 

Titration  of  Molybdenum  in  the  Presence  of  Tellurium.  10.0  ml  of  0.1  MAm- 
monium  Molybdate  (0.09590  g  Mo),  60  ml  of  Concentrated  Hydrochloric  Acid, 
and  10  ml  of  Tellurium  Solution  were  Taken;  Tj^^III^  =  0.008000;  Tem¬ 
perature  65* 


10  mloi  (NHJgMoQ*  in 
the  absence  of  Te 

10  mi  of  H2Te04  in  the 
absence  of  Mo 

1 0  ml  of  (NH4)^Mo04 
and  10  ml  of  H^TeO^ 

®  1 
Mo  ,  ml 

mv 

A  E/AV 

ml 

mv 

A  E/AV' 

MoI«, 

ml 

mv 

A  E/A  V 

0 

555 

0 

230 

0 

576 

5 

495 

0,1 

195 

1 

535 

10 

440 

0,2 

184 

15 

475 

11 

421 

0,5 

171 

10 

400 

11,5 

400 

1.0 

175 

11 

377 

11.7 

383 

1.5 

171 

8 

11,5 

353 

11,8 

371 

120 

2,0 

136 

70 

11,8 

320 

110 

11,9 

358 

130 

2,1 

41 

1150 

11,9 

300 

200 

12,0 

211 

1470 

2,2 

2 

390 

12,0 

253 

470 

12,1 

159 

520 

2,3 

15 

270 

12,1 

225 

280 

12,2 

135 

240 

2,5 

—20 

12,2 

211 

12,5 

100 

3,0 

—25 

12,5 

208 

13,0 

77 

3,5 

—30 

13,0 

200 

14,0 

60 

13,2 

175 

125 

13,3 

90 

350 

13,4 

75 

1.50 

14,0 

54 

15,0 

40 

The  amount  of  Mo  solution  used  up  to  the  first  potential  jump  corresponds  to  the  molybdenum  content. 
The  amount  of  Mo^^^  solution  used  up  between  the  first  and  second  jump  should  correspKjnd  to  the  tellurium  con¬ 
tent,  but  it  differs  from  the  amount  of  Mo®  solution  used  up  for  titration  of  tellurium  in  the  absence  of  ammo¬ 
nium  molybdate. 

During  titration  of  molybdenum  and  selenium  in  a  concentrated  hydrochloric  acid  medium,  one  potential 
jump  is  observed,  this  corresponds  to  the  co-reduction  of  these  elements  (Fig.  6). 
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Fig.  5.  Titration  curves  for  sexivalent  molybdenum  with  var¬ 
ious  indicator  electrodes.  iS.O  ml  of  0.1  M  ammonium  molyb¬ 
date  (0,04795  g  Mo)  and  70  ml  of  hydrochloric  acid  (2  :  1) 
were  used.  Temperature  65*  (Tj^o^^VMo^^  “  0.006492).  Titra¬ 
tion  curves  with  the  electrodes;  1)  Platinum;  2)  amalgamated 
platinum;  3)  graphite;  4)  tungsten;  5)  tantalum.  7.4  ml  of 
Mo^^  solution  was  used  with  all  the  electrodes. 


mv 


Fig.  6.  Titration  curves  of  sexivalent  molybdenum  and  quadri¬ 
valent  tellurium  in  their  mixtures  in  hydrochloric  acid  media. 

10.0  ml  of  0.1  M  ammonium  molybdate  (0.09590  g  Mo),  5.0  ml 
of  H2Se03,  and  60  ml  of  HCl  sp.gr.  1.19  were  taken.  Tempera¬ 
ture  60-65*.  (Tj^qIII/ VI  =  0.008000).  Capacity  of  titration 
vessel  150  ml.  1)  Titration  of  ammonium  molybdate;  2)  titra¬ 
tion  of  Se^^;  3)  titration  of  a  mixture  of  molybdenum  and  sele¬ 
nium.  The  potential  jump  of  the  platinum  electrode  on  curves 
1.2,  and  3  was  found  at  points  corresponding  to  the  addition  of 
12.0,  7,4,  and  19.4  ml  of  trivalent  molybdenum  solution, respec¬ 
tively  The  selenium  solution  was  prepared  as  follows:  1  g  of 
sdenium  metal  was  dissolved  in  nitric  acid,  after  it  had  dissolved, 
the  solution  was  evaporated  with  H2SO4  to  the  appearance  of  SO3 
when  its  volume  was  made  up  to  250  ml  with  water. 

Divalent  copper  and  trivalent  iron  are  reduced  together  with  sexivalent  molybdenum  in  a  concentrated 
hydrochloric  acid  medium.  The  potential  jump  corresponds  to  the  sum  of  divalent  copper  and  sexivalent  molyb¬ 
denum  or  to  the  sum  of  trivalent  iron  and  sexivalent  molybdenum. 
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Sexivalent  molybdenum  and  trivalent  Iron  are  titrated  together  In  a  medium  of  sulfuric  or  orthophosphoric 
acid  of  various  concentrations,  and  also  on  addition  of  oxalic,  tartaric,  or  citric  acid  to  the  hydrochloric  acid 
solution.  Thus  It  was  not  found  possible  to  separate  appreciably  the  potentials  of  the  system  Mo^V^o^^^  and 
Peni/peH, 


SUMMARY 

Reduction  of  sexivalent  molybdenum  has  been  studied  with  the  aid  of  a  trivalent  molybdenum  solution. 
Under  certain  conditions  the  reaction  Is  strictly  stoichiometric  In  accordance  with  the  following  equation: 

2M0O5  •  -I  Mo"'  16H+  =  SMo'^  +  8HjO. 

A  study  has  been  made  of  the  behavior  of  a  number  of  elements  under  the  conditions  used  for  titrating  sexivalent 
molybdenum. 
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It  was  pointed  out  earlier  [1]  that  solutions  of  palladium  salts  react  in  the  cold  with  0  -hydroxy  -  a-naphthoic 
aldehyde,  without  addition  of  ammonia  or  alkali,  to  form  a  complex  compound  with  the  composition;  C22H14O4 Pd. 
Crystals  of  the  complex  have  a  characteristic  form  (fine  needles)  and  differ  from  the  other  complex  salts  of  this 
aldehyde.  B  -Hydroxy- a-naphthoic  aldehyde  has  been  suggested  for  the  gravimetric  determination  of  magnesium 
[23,  copper  [3],  and  beryllium  [4].  Further  study  has  shown  that  it  is  possible  to  precipitate  palladium  quantita¬ 
tively  by  means  of  this  hydroxyaldehyde  from  acid  solutions  (ph  2.5-3). 

Dimethylglyoxime  is  most  often  used  for  the  gravimetric  determination  of  palladium  [5-9].  From  published 
data  it  is  known  that  at  pH  <  5,  dimethylglyoxime  partially  precipitates  nickel.  Palladium  may  also  precipitate 
under  the  same  conditions  [10],  The  optimum  conditions  for  determination  of  nickel  with  dimethylglyoxime  is 
at  3  pH  of  5.5.  Palladium  dlmethylglyoximate  can  be  quantitatively  precipitated  from  2  N  hydrochloric  acid  [11]. 
At  the  same  time  a  method  has  been  published  in  which  small  amounts  of  palladium  is  determined  in  the  presence 
d  considerably  larger  amounts  of  nickel  by  using  dimethylglyoxime  in  an  acid  medium  [7].  In  addition  to  dimethyl 
dimethylglyoxime,  the  following  reagents  have  been  suggested  for  precipitating  palladium  a-furyldioxime  and 
6 -furyldioxime [12],  salicaldoxime  [6,  12],  4-methyl  and  4-isopropyl-l,2-cyclohexanedIoneoxime  [13],  a-ben- 
zoinoxime  [12],  methylbenzoyl  glyoxime  [6].  diethyldithiophosphoric  acid  [14], etc.  Recently  a  photometric 
method  has  been  published  for  the  determination  of  small  amounts  of  palladium  in  the  presence  of  overwhelming 
amounts  of  platinum,  iron,  cobalt,  nickel,  cooper,  and  other  elements  by  means  of  8-mercaptoquinolIne  [15]. 

Many  of  the  gravimetric  methods  for  determining  palladium  require  preliminary  separation  of  copper,  lead 
cobalt,  iron,  nickel,  and  other  metals.  There  is  no  need  to  do  this  when  B  -hydroxnaphthoic  aldehyde  is  used.  Ex¬ 
periments  were  carried  out  on  pure  salts,  and  then  in  the  presence  of  copper,  nickel,  cobalt,  lead,  trivalent  iron, 
cadmium,  silver,  and  platinum. 

Trivalent  Iron,  as  one  would  expect,  reacts  with  the  hydroxyaldehyde  on  account  of  the  phenolic  groups  in 
the  latter,  forming  thereby  dark-brown  solutions  with  a  violet  shade.  Silver  in  the  dark,  in  the  cold,  is  not  reduced 
by  a  1 -2<7o  solution  of  the  aldehyde  in  an  acid  medium.  Determination  of  palladium  in  the  presence  of  lead  is  of 
great  practical  importance  [14] . 

For  precipitation  of  palladium  with  6 -hydroxy-  a-naphthoic  aldehyde  small  amounts  of  palladium  are  taken 
as  in  the  case  of  precipitation  with  dimethylglyoxime,  not  more  than  0.2  g  in  200  ml  of  acid  solution  (pH  2.5-3). 

EXPERIMENTAL 

Preparation  of  Palladium  Nitrate  Solution.  0.2  g  of  palladium  wire  was  dissolved  on  careful  heating  in 
nitric  acid,  sp.gr.  1.43.  The  solution  was  evaporated  on  a  water  bath  to  a  volume  of  1.5-2  ml,  transferred  to  a 
standard  flask  and  made  up  to  200  ml  with  water. 
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TABLE  1 


Pd  taken, 
mg 

Dimethylglyoxime 

method 

B  -Dydroxy -a-naphthoic 
aldehyde  method 

Pd  found, 
mg 

absolute 
error,  mg 

Pd  found, 
mg 

absolute 
error,  mg 

5,00 

4,04 

— 0,0G 

4,08 

—0,02 

5,00 

5,10 

+0,10 

5,00 

0,00 

5,fK) 

5,00 

0,00 

4,94 

—0,06 

5,00 

4,87 

—0,13 

4,00 

—0,10 

3,(K) 

2,00 

—0,10 

2,84 

—0,16 

3,(K) 

2,02 

-0,08 

2,82 

—0,18 

B  -Hydroxy  -  a-naphthoic  aldehyde  was  synthesized  from  fl  -naphthol;  it  was  distilled  under  vacuum  and 
recrystallized  from  alcohol  (m.p,  80-82“)  [16]. 

Method  of  Determining  Palladium.  To  6  ml  of  the  palladium  nitrate  solution  of  known  concentration  was 
added  an  equal  volume  of  alcohol,  and  then  Ti  ml  of  a  1%  alcoholic  solution  of  the  freshly  prepared  reagent. 
Rubbing  with  a  glass  rod  for  several  minutes  led  to  the  crystallization  of  the  complex  palladium  compound. 

The  yellow  precipitate  was  allowed  to  stand  for  20-25  minutes  and  then  filtered  through  a  No.  2  Schott 
filter,  then  washed  with  alcohol  and  dried  at  110“,  The  factor  for  converting  to  palladium  is  0.2377, 

It  follows  from  the  results  given  in  Table  1  that  the  results  of  the  determination  of  palladium  by  6  -hydrox- 
ynaphthoic  aldehyde  and  dimethylglyoxime  agree  among  themselves;  the  experimental  error  is  within  permis¬ 
sible  limits. 

Determination  of  palladium  in  the  presence  of  the  following  cations:  Cu^^,  Nl*'*’,  Co*^,  Fe®^,  Pb*^, 

Ag+,  Cd*^,  Pt^,  was  carried  out  in  a  similar  fashion.  To  5  ml  of  palladium  nitrate  solution  of  known  concen¬ 
tration  was  added  solutions  of  the  nitrates  of  the  elements  indicated,  taken  separately,  and  in  their  mixtures. 
Alcohol  was  added  to  the  solution  until  its  concentration  was  SQo/rof  the  solution,  the  determination  was  then 
carried  out  as  described  above.  Alcohol  was  added  in  the  amount  indicated  to  prevent  precipitation  of  the 
reagent. 

The  amount  of  reagent  used  was  increased  when  iron  was  present.  When  up  to  100  mg  of  iron  was  present 
10-15  ml  of  a  l<7r  solution  of  the  reagent  was  added,  while  when  125-150  mg  of  iron  was  present  a  correspondingly 
larger  volume  of  reagent  solution  was  used. 

Deposition  of  the  palladium  complex  was  somewhat  slower  when  iron  was  present,  but  on  rubbing  with  a 
glass  rod  for  2-4  minutes,  a  precipitate  started  to  separate  out.  After  25  minutes  the  precipitate  was  filtered  off, 
washed  three  times  with  50<yr  alcohol,  three  to  four  times  with  water,  and  then  again  with  50<V.  alcohol,  it  was 
finally  dried  at  110*. 

In  order  to  avoid  too  much  dilution,  which  makes  filtration  difficult,  fairly  concentrated  solutions  of  the 
added  salts  were  used.  Thus,  the  concentration  of  nickel,  cobalt,  cadmium,  copper,  and  lead  nitrates  was  100 
mg/ ml,  that  of  silver  nitrate  was  50  mg/ ml,  and  that  of  iron  5-10  mg/ ml.  Platinum  concentration  was  2 
mg/ ml  (in  the  form  of  K2[PtCl4]). 

When  silver  or  divalent  platinum  salts  were  added,  the  experiments  were  carried  out  in  the  dark,  in  the 
cold,  in  a  nitric  acid  medium.  Determination  of  palladium  in  the  presence  of  platinum  without  preliminary 
separation  of  the  latter  may  be  of  practical  importance. 

It  follows  from  the  results  given  in  Table  2  that  palladium  can  be  determined  gravimetrically  in  the 
presence  of  the  cations  indicated  by  precipitating  it  with  6  -hydroxy-  a-naphtholc  aldehyde.  These  cations, 
even  in  large  amounts,  do  not  interfere  with  palladium  determination,  but,  in  view  of  the  fact  that  the  time 
taken  to  filter  the  bulky  precipitates  thereby  increases,  we  limited  ourselves  to  the  amounts  given  in  Table  2. 
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TABLE  2 


Pd  taken, 
mg 

Added,  mg  1 

Pd  taken, 
mg 

Absolute 
error,  mg 

1  Cu‘+ 

Co*+ 

Nl*+ 

■ 

Pb*+ 

Cd*+ 

Fc*+ 

Ag+ 

Pt«+ 

4,98 

1 

5 

1 

5 

5 

5 

_ 

1 

[  4.89 

—0,09 

4,98 

50 

50 

50 

50 

50 

— 

— 

— 

5,03 

+0,05 

4,98 

50 

50 

50 

50 

50 

— 

— 

— 

4,90 

—0,08 

10,00 

100 

100 

100 

100 

100 

— 

— 

— 

9.84 

—0,16 

4,00 

100 

100 

100 

100 

50 

125 

50 

— 

4,10 

+0,10 

5,00 

250 

250 

250 

250 

- - 

— 

— 

— 

5,10 

+0,10 

5,00 

_ 

_ 

_ 

— 

— 

— 

12 

4,90 

—0,10 

4,94 

- - 

— 

— 

— 

— 

125 

— 

— 

5,00 

+0,06 

5,00 

500 

500 

500 

250 

— 

50 

100 

— 

5,00 

0,00 

5,00 

250 

250 

250 

250 

250 

100 

— 

12 

5,03 

+0,03 

5,00 

500 

500 

500 

500 

— 

150 

50 

— 

4,90 

-0,10 

4,94 

_ 

_ 

— 

— 

50 

200 

— 

5,06 

+0,12 

4,94 

— 

— 

— 

— 

— 

— 

125 

— 

4,82 

-0,12 

Since  Sr*'*',  Ca*^,  Mg*^,  Zn*^,  Mn*'*’,  Be*"*^  react  with  6  -hydroxy -naphthoic  aldehyde  only  in  an 

alkaline  medium  [1],  these  elements  should  not  hinder  precipitation  of  palladium  at  a  pH  of  2.5-3.  B  -Hydroxy- 
naphthoic  aldehyde  precipitates  nickel,  cobalt,  and  copper  at  pH  >  7.  By  varying  the  acidity  during  precipita¬ 
tion  with  the  aldehyde,  it  is  possible  to  determine  palladium  and  one  of  the  elements  indicated  on  one  aliquot. 
Work  along  these  lines  continues. 


SUMMARY 

A  gravimetric  method  for  the  determination  of  palladium  with  B  -hydroxy -a-naphthoic  aldehyde  in  a  nitric 
acid  medium  (ph  2.5-3)  is  suggested.  Precipitation  is  carried  out  without  heating. 

The  capacity  of  fl  -hydroxy-  a-naphthoic  aldehyde  to  react  with  certain  cations  at  various  pH  values 
permits  determination  of  palladium  without  its  preliminary  separation  from  coppei;  cobalt,  nickel,  and  lead  at 
ratios  of  palladium  to  metal  of  1  :  100;  from  iron  at  a  ratio  of  1  :  15;  from  silver  at  a  ratio  of  1  :  20;  and  from 
platinum  at  a  ratio  of  1  :  2. 
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The  isolation  of  the  isotope  goTh^®®  in  a  radiochemically  pure  form  is  of  interest  for  the  determination  of 
the  geological  age  of  relatively  young  formations,  for  the  study  of  the  migration  of  ionium,  and  for  other  purposes. 
Recently  the  isotope  goTh*®®  has  been  used  for  the  synthetic  preparation  of  the  isotope  giPa^^  The  long  half- 
life  period  of  ggTh^®®  [1]  and  the  absence  of  6 -radiation  permits  this  isotope  to  be  used  as  a  a-radiation  stand¬ 
ard. 


Since  the  discovery  of  ionium  by  Boltwood  right  up  to  the  present  time  a  large  amount  of  work  has  been 
published  [2]  on  improvements  on  the  methods  of  Isolating  and  measuring  Ionium.  For  the  most  complete  separ¬ 
ation  of  ionium  from  natural  samples  in  a  radiochemically  pure  state,  it  is  usually  separated  together  with  a 
cjrrrier.  The  extent  of  the  separation  of  ionium  can  be  established,  as  was  done  for  the  first  time  by  Rona,  on 
die  basis  of  one  of  the  thorium  isotopes  (ggTh^®^,  ggTh“®)  added  as  an  indicator.  During  measurement  of  the 
a-radiation  of  preparations  of  ionium  with  a  carrier,  calculation  of  absorption  and  self-absorption  of  a-radia- 
tion  in  the  carrier  layer  presents  difficulty  One  of  the  best  methods  of  determining  ionium  in  ores,  suggested 
by  I.  E,  Starik  [3]  permits  the  use  of  small  aliquots  of  test  material,  and  accordingly,  small  amounts  of  carrier. 

But  even  in  these  cases,  self-absorption  of  the  a-radiation  occurs,  and  it  Is  necessary  to  take  measures  to  ensure 
that  all  the  preparations  are  of  the  same  thickness  (0.1 -0.2  mg/ cm*).  It  is  known  that  during  precipitation  of 
cerium  oxalates,  the  precipitate  entrains  from  solution  not  only  thorium  isotopes,  but  appreciable  amounts  of 
the  isotopes  of  bismuth,  lead,  and  polonium,  which  should  be  removed. 

The  present  article  is  devoted  to  a  description  of  a  method  which  ensures  that  ionium  is  obtained  in  a 
radiochemically  pure  state,  and  leads  to  its  electrolytic  deposition  on  the  cathode  in  the  form  of  an  infinitely 
thin  layer.  We  were  particularly  interested  in  the  possibility  of  separating  ionium  during  the  electrolysis  of 
cerium  and  foreign  radioactive  isotopes. 

Electrolytic  Separation  of  Thorium  Isotopes.  Information  on  the  behavior  of  thorium  isotopes  during  elec¬ 
trolysis  Is  available  in  a  number  of  papers  [4].  In  Its  chemical  properties  thorium  belongs  to  the  group  of  strongly 
electropositive  elements.  During  electrolysis  aqueous  solutions  of  thorium  salts  are  hydrolyzed  at  the  cathode. 
The  deposits  of  the  basic  thorium  salts  which  are  formed  either  adhere  poorly  or  do  not  adhere  at  all  to  the  elec¬ 
trode.  When  the  amount  of  the  hydrolyzed  salt  is  very  small,  then,  under  certain  conditions,  it  is  possible  to 
obtain  deposits  which  do  adhere  (suitable  for  radiometry)  to  the  electrode.  Todt  has  shown  that  in  order  to  ob¬ 
tain  such  deposits  it  is  necessary  to  work  at  high  current  densities. 

We  have  studied  the  conditions  for  the  electrolytic  separation  of  impulse  amounts  of  thorium  isotopes  in 
the  presence  of  uranium  and  thorium  fission  products,  and  in  the  presence  of  cerium  salts. 

Preliminary  experiments  which  were  carried  out  with  the  isotope  ggTh*®^  showed  that  the  acidity  of  the 
medium  has  an  essential  Influence  on  the  extent  of  the  separation  of  the  thorium  isotopes  from  solution.  During 
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+  electrolysis,  the  hydroxyl  ion  concentration  near  the 

n  III  M  cathode  increases.  The  mechanism  of  thorium  precipita- 

7  |  — I — connected  with  the  transference  to  the  cathode  of 

5  I  positively  charged  thorium  ions  which  are  deposited  on  the 

I  .  g  cathode  in  the  form  of  a  fine  layer  of  thorium  hydroxide. 

Ij  Y  t  It  is  characteristic  that  in  a  sulfuric  acid  medium  thorium 

3"^  u  i 

''  k  /  isotopes  are  most  completely  separated  at  pH  values  close 

^  ^  p  '  to  3.4.  Presumably,  this  is  connected  with  the  formation 

r  1  i  ^  >5  on  the  cathode  of  a  hydrate  of  thorium  oxide,  for  which 

%-L=s=!=^  '  value  of  a  saturated  solution  is  3.4. 

2  The  solution  to  be  electrolyzed  was  prepared  as 

^  ^  ,  follows.  Thorium  isotopes  were  precipitated  with  10-100 

1)  Platinum  disc  (cathode),  2)  rass  cerium  nitrate  in  the  form  of  their  oxalates  from  a 

base,  3)  vertical  mds,  4)  glass  cyl  hydrochloric  acid  medium  (0.3  N  HCl).  The  precipitates 

inder,  5)  rubber  ring,  6)  plexiglass  \iqiq  allowed  to  stand  overnight,  they  were  then  centrifuged, 

ring  for  pressing  the  cylinder  onto  e  washed,  first  with  a  small  amount  of  oxalic  acid  solu- 

base^  7)  screw,  8  platinum  spiral  distilled  water,  and  finally  dissolved  in 

'  the  minimum  amount  (1-2  ml)  of  nitric  acid  (1:  1);  the 

solution  was  boiled  and  then  evaporated  almost  to  dryness 
with  1  ml  of  concentrated  sulfuric  acid  to  remove  traces  of  nitric  acid.  In  order  to  obtain  the  requisite  acidity, 
and,  at  the  same  time,  ensure  that  the  electroconductivity  of  the  solution  is  high  enough,  to  the  residue  which 
had  been  evaporated  with  sulfuric  acid  was  added  10  ml  of  a  10%  solution  of  sulfuric  acid,  the  solution  was 
brought  to  the  boil  and  then  neutralized  with  ammonia.  10  ml  of  this  solution  and  2-3  ml  of  ethanol  were  taken 
for  electrolysis.  The  solution  to  be  electrolyzed  was  placed  in  the  apparatus  shown  in  the  diagram 


Platinum,  stainless  steel,  gold-plated  copper,  etc.,  can  be  used  as  the  cathode  material.  The  purity  and 
homogeneity  of  the  surface  is  of  great  importance  for  the  uniformity  of  the  electrolytic  deposit.  Plates  from 
platinum  and  stainless  steel  were  polished  beforehand,  and  immediately  before  use  were  boiled  with  alkali, 
washed  with  nitric  acid,  distilled  water,  and  ether.  The  anode  was  a  platinum  wire  coiled  into  a  flat  spiral 
which  was  placed  parallel  to  the  cathode  at  a  distance  of  3-4  mm  from  it.  Electrolysis  was  carried  out  at  a 
voltage  of  3-4  volt  applied  to  the  terminals  and  a  cathode  current  density  of  180-220  ma/cm*. 

During  electrolysis  the  temperature  was  kept  within  the  range  70-80®.  When  the  conditions  indicated  were 
used,  95-100%  of  the  thorium  isotopes  were  isolated  on  the  cathode  in  the  course  of  one  hour  in  the  form  of  an 
unweighable  film.  When  electrolysis  was  complete,  the  cathode  was  rapidly  withdrawn  from  the  solution,  rinsed 
with  a  mixture  of  alcohol  and  water  (1  :  1)  and  calcined. 

Experiments  with  sjCe^^  established  that  under  the  electrolysis  conditions  used,  cerium  present  in  the 
solution  in  amounts  of  10-100  mg  is  hardly  deposited  at  all  on  the  cathode.  It  was  also  established  that  under 
the  same  conditions,  not  more  than  4-5%  of  (RaE)  and  10%  of  (RaE)  is  deposited  on  the  cathode, 

while  on  the  anode  more  than20%of  84Po*^^  and  about  10%  of  is  deposited  on  the  cathode,  while  on  the 

anode  more  than  20%  of  and  about  10%  of  ggBl^^®  is  deposited.  Experiments  with  9iPa^®^  showed  that 

>  95%  of  protactinium  remains  in  solution. 

Thus  it  has  been  shown  that  it  is  possible,  after  preliminary  separation  of  thorium  isotopes  together  with 
cerium  as  the  carrier,  to  carry  out  an  electrolytic  separation  of  the  thorium  isotopes  on  metal  plates  to  give 
deposits  which  are  suitable  for  radiometric  measurements. 

Preparation  of  Ionium  Standards.  Ionium  standards  were  used  for  calibrating  the  apparatus.  The  original 
material  used  for  preparing  radiochemically  pure  ionium  was  a  preparation  obtained  approximately  20  years  ago; 
this  was  a  prq)aration  of  the  oxides  of  the  rare  earths  which  was  enriched  with  ionium.  Radiochemical  purifica¬ 
tion  of  ionium  from  the  accumulated  radium  and  fission  products  consisted  of  the  following  steps:  radium  was 
removed  from  the  original  solution  by  a  three-fold  precipitation  of  barium -radium  sulfates.  Ionium  was  then 
successively  twice  precipitated  with  cerium  fluoride  and  cerium  oxalate.  Cerium  oxalate  was  dissolved  in  nitric 
acid,  the  solution  was  neutralized  with  ammonia,  and  the  cerium  hydroxide  formed  dissolved  in  2  N  hydrochlo¬ 
ric  acid.  Completeness  of  removal  of  radium  was  controlled  by  means  of  the  radon.  Measurements  of  thoron 
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and  actlnon  demonstrated  the  absence  of  measurable  amounts  of  the  thorium  isotopes  of  the  thorium  and  actinium 
series.  The  radiochemical  purity  of  the  Ionium  preparation  obtained  was  checked  by  a  radiographic  method  [5]. 
The  ionium  content  of  the  solution  was  determined  from  the  radium  accumulated  and  by  calculating  the  absolute 
number  of  a-particles.  For  the  a-count,  five  samples  of  ionium  on  backing  of  stainless  steel  were  prepared  elec- 
trolytlcally  as  described  above  from  the  freshly  prepared  solution.  The  rest  of  the  solution  was  left  for  nine  months 
in  a  quartz  flask  for  the  radium  to  accumulate.  At  the  end  of  this  period,  three  parallel  samples  were  taken  and 
the  emanation  measured  on  a  DA  setup  which  had  been  modified  in  our  laboratory  to  measure  small  amounts  [6]. 

The  8  -radiation  of  the  ionium  preparations  separated  by  electrolysis  was  measured  on  a  DA  apparatus. 
Appropriate  corrections  were  applied  during  calculation  of  the  absolute  amount  of  ionium  in  the  original  solu¬ 
tion.  The  ionium  content,  expressed  in  terms  of  a-fissions  per  minute  in  1  ml  of  solution.  Iq,  was  calculated  on 
the  basis  of  the  formula; 


where  I  is  the  measured  count  rate,  in  cpm,  k,  is  the  correction  for  the  resolving  time  of  the  apparatus  (intro¬ 
duced  on  the  basis  of  the  curve  relating  resolving  time  to  the  a-count  rate  of  the  84Po*^**  preparations);  tj  is  the 
geometrical  coefficient  of  the  count,  determined  by  means  of  uranium  standards  prepared  by  electrolysis  from 
radiochemically  pure  uranium  salts;  k2  is  the  ionium  yield  during  electrolysis,  this  vtai  determined  on  the  basis 
of  the  yield  of  goTh*®^  isotope  added  to  the  solution;  kj  is  the  fraction  of  the  total  a-activity  of  the  preparation 
which  is  attributable  to  the  ionium  a-radiation  (this  was  determined  radiographically);  and  v  is  the  volume  of 
the  original  solution  used  for  electrolysis,  In  ml.  The  mean  value  found,  for  the  ionium  content,  from  a  large 
number  of  measurements  of  the  a-radiatlon  of  the  five  standards,  was  4..S9  x  10"®  g.  The  ionium  content  found 
on  the  basis  of  the  radium  accumulated  was  .S.IS  x  10"®  g.*  These  results  can  be  regarded  as  satisfactory. 

Determination  of  Ionium  in  Ores.  The  suggested  method  was  checked  on  samples  of  Yakhimov  pitchblende, 
which  according  to  the  results  of  other  determinations,  was  in  equilibrium  and  was  almost  free  from  thorium. 

First  of  all,  the  ionium  content  of  the  sample  was  evaluated  from  the  total  a-radiation  of  the  powdered 
sample  by  the  comparison  method.  The  amount  of  sample  taken,  based  on  the  activity  of  the  material,  was 
such  that,  assuming  that  80%  of  the  ionium  was  extracted  and  that  all  the  corrections  of  the  a-counter  had  been 
applied,  it  would  give  .50-500  cpm.  The  amount  of  the  isotope  ggTh^®^  added  in  order  to  evaluate  the  degree  of 
separation  of  ionium  should  be  approximately  ten  times  the  8  -radiation  of  the  sample. 

The  aliquot  of  ore  was  dissolved  on  boiling  in  a  mixture  of  15  ml  HNO3  (1  ;  1)  and  5  ml  of  concentrated 
HCl.  After  the  main  bulk  of  the  ore  had  dissolved,  ggTh^®^  was  added  to  the  solution.  The  insoluble  residue,  in 
the  main  silicic  acid,  was  filtered  off,  and  washed  with  hot  15-20%  HCl.  The  activity  of  the  residue  was  checked 
on  a  8  -counter;  usually,  it  was  very  small,  approximately  0.3-0. ,5%  of  the  activity  introduced.  In  order  to  remove 
the  soluble  silicic  acid,  the  filtrate  was  evaporated  a  few  times  with  hydrochloric  acid.  100  ml  of  .5%  HCl  was 
finally  added  and  the  silicic  acid  filtered  off.  The  activity  of  the  residue  in  the  filtrate  was  also  measured  on 
a  8  -counter.  It  amounted  to  0.5-1%  of  the  initial.  To  the  combined  filtrates  was  added  30  mg  of  barium  chlo¬ 
ride  and  the  barium  precipitated  with  10%  sulfuric  acid  on  heating.  The  precipitate  was  left  to  stand  overnight; 
it  was  then  filtered  through  a  fine  filter.  The  precipitate  of  barium  and  radium  sulfates  which  had  been  thus 
filtered  off  was  washed  with  300  ml  of  5%  hydrochloric  acid  for  removal  of  adsorbed  thorium  isotopes.  To  the 
filtrate  plus  wash  liquors  vas  added  20  mg  of  ferric  chloride,  the  solution  was  neutralized  with  crystalline  am¬ 
monium  carbonate  to  the  precipitation  of  a  flocculent  precipitate  of  ferric  hydroxide  which  had  adsorbed  the 
thorium  isotopes.  The  precipitate  was  heated  for  an  hour  on  a  water  bath,  it  was  then  filtered  off,  washed  with 
approximately  100  ml  of  ammonium  carbonate  solution  for  removal  of  traces  of  uranium,  and  was  finally  dis¬ 
solved  in  the  minimum  volume  of  hydrochloric  acid,  and  the  acidity  of  the  solution  adjusted  so  as  to  be  0.3  N 
with  respect  to  HCl.  To  the  solution  obtained  was  added  a  solution  of  cerium  nitrate  containing  100  mg  of  the 
salt,  the  thorium  isotopes  were  precipitated  with  cerium  oxalate,  and  the  solution  prepared  for  electrolysis  as 
described  above;  the  electrolysis  was  finally  carried  out.  The  a-  and  8  -activities  of  the  preparation  were 


♦The  half-life  period  of  ionium  was  taken  to  be  83,000  years  for  these  calculations. 
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measured.  From  the  B  -radiation  of  goTh*®^  the  degree  of  separation  of  the  thorium  Isotopes  was  calculated.  As 
a  result  of  the  a-activlty  measurements,  all  the  corrections  necessary  were  applied,  Including  the  correction  for 
the  fractional  content  of  the  goTh**^  Isotope  equal  to  0.046.  In  some  cases  the  radiochemical  purity  of  the  Ionium 
separated  was  checked  radiographically  by  means  of  nuclear  emulsions  and  the  B  -  fission  curve.  For  these  pur¬ 
poses  the  thorium  Isotopes  were  isolated  without  additions  of  ggTh^^^.  The  normal  curve  for  the  fl  -fission  of 
ggTh**^  and  ggTh*’*  testifies  to  the  radiochemical  purity  of  the  isolated  thorium  isotopes.  The  ionium  prepara¬ 
tions  did  not  contain  more  than  of  other  a-radloactlve  isotopes  as  Impurity;  this  lies  within  the  limits  of 
our  experimental  errors. 

Calculation  of  the  ionium  content  in  the  standard  pitchblende  showed  that  the  amount  present  corresponds 
to  the  equilibrium  amount  with  respect  to  uranium.  The  experimental  error  amounts  to  hojr. 

Subsequently,  the  method  was  used  for  determining  the  ionium  contents  of  uranium  ores  of  varying  origin. 
When  the  ratio  of  thorium  to  uranium  does  not  exceed  0.1,  then  the  share  contributed  by  the  a-radiation  of 
ggTh**^  and  goTh“*  to  the  Ionium  radiation  does  not  amount  to  more  than  which  lies  within  the  limits  of 
experimental  error.  In  the  case  of  higher  ratios  of  thorium  to  uranium,  it  is  necessary  to  apply  a  correction  to 
the  results  of  the  a-count;  this  can  be  done  either  radiographically  or  by  means  of  a  discriminator. 

The  method  described  permits  one  to  separate  70-80«/oof  the  thorium  isotopes  and  to  take  into  account  all 
the  losses. 


SUMMARY 

A  description  is  given  of  an  electrolytic  method  of  separating  thorium  isotopes  without  a  carrier  on  metallic 
plates. 

By  means  of  this  electrolytic  method  radlochemically  pure  ionium  preparations  are  obtained  which  can 
be  used  as  a-radiation  standards. 

A  method  is  suggested  for  the  separation  and  quantitative  determination  of  ionium  in  natural  samples. 
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Determination  of  free  boron  in  boron  carbide  and  nitride  is  based  on  differences  in  the  susceptibility  to 
oxidation  of  free  boron  on  the  one  hand,  and  of  boron  combined  as  the  carbide  or  nitride,  on  the  other.  Moisson 
[1]  pointed  out  long  ago  the  possibility  of  dissolving  boron  in  potassium  permanganate.  Kroll  [2]  developed  a 
method  for  determining  boron  in  amorphous  boron,  which  was  based  on  the  oxidation  of  amorphous  boron  by  a 
mixture  of  hydrogen  peroxide  and  nitric  acid.  The  capacity  of  boron  to  be  oxidized  by  ceric  sulfate  has  been 
used  for  developing  a  cerimetric  method  of  determining  boron  in  amorphous  boron  [3].  This  method  was  used 
by  Mikheeva  et  al.  [4],  for  evaluating  the  quality  of  highly  pure  amorphous  boron.  In  the  method  described  [4] 
the  cerimetric  method  was  used  for  determining  active  boron  in  samples  of  boron  of  various  degree  of  purity, 
in  magnesium,  aluminum,  and  calcium  borides,  and  in  boron  carbide  and  nitride. 

Boron,  and  magnesium,  calcium,  and  aluminum  borides  are  completely  oxidized  by  potassium  iodate  and 
periodate,  while  boron  nitride,  boron  carbide,  and  chromium  and  zirconium  borides  are  not  oxidized  [5]. 

We  have  developed  a  method  for  determining  free  boron  in  boron  nitride  and  carbide,  and  in  alloys  based 
on  the  latter  compounds.  In  his  discussion  of  the  method  for  determining  boron  in  amorphous  boron.  Kroll  [3] 
points  out  that  on  treating  amorphous  boron  with  a  mixture  of  hydrogen  peroxide  and  nitric  acid,  the  boron  is  not 
oxidized  completely.  The  undecomposed  residue  consists  of  boron  carbide  and  nitride,  and  the  borides  of  several 
metals.  We  made  use  of  this  observation  of  Kroll  for  developing  a  method  for  determining  free  boron  in  the 
carbide  and  nitride. 

We  used  a  mixture  of  hydrogen  peroxide  (1  :  2)  and  nitric  acid  as  an  oxidizing  agent  for  free  boron. 

The  method  for  determining  free  boron  in  boron  carbide  and  nitride  was  developed  using  samples  of  the 
following  composition: 

BN.  Calculated  43  6<7r  B  and  56.4«7r  N;  found  Al.BAofr  B  and  .54.12<7r  N 
B4C.  Calculated  78.3‘7rB  and  21.7<yrC;  found  '’6.9<yrB  and  2l.4<7rC. 

In  order  to  establish  the  behavior  of  boron  carbide  and  nitride  on  treating  them  with  mixtures  of  hydrogen 
peroxide  and  nitric  acid,  0.3-0. 5  or  1  g  of  the  carbide  or  nitride, respectively,  was  ground  to  pass  a  270  mesh 
sieve,  and  was  then  treated  with  a  mixture  of  hydrogen  peroxide  and  nitric  acid  in  a  250  ml  conical  flask*  fitted 
with  a  ground -glass  reflux  condenser.  Boiling  was  carried  out  for  30,  45,  60,  and  7,5  min.  After  the  boiling  the 
insoluble  residue  was  filtered  off.  The  residue  of  boron  carbide  or  nitride  was  washed  several  times  with  cold 
water  and  2-3  times  with  a  l<7r  sodium  hydroxide  solution.  After  removal  of  carbon  dioxide  from  the  filtrate,  its 
boron  content  was  determined  by  titration  with  0.1  N  sodium  hydroxide  in  the  presence  of  mannite  or  invert  sugar. 

•The  flask  was  made  from  boron-free  glass. 
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TABLE  1 

First  Treatment  of  Boron  Carbide  with  the  Hydrogen  Peroxide -Nitric  Acid  Mixture 


l.S  ml  hydrogen  peroxide  (1  :  2] 
drops  of  HNO3 

H  10 

45  ml  hydrogen  peroxide  (1  :  2)  +  10  drops 
of  HNO3 

ali¬ 

quot, 

g 

treat¬ 

ment 

time, 

min 

0.1  N 
NaOH 
used,  ml 

0,1  N 
NaOH 

test,  ml 

free 

boron 

found, 

I0 

ali¬ 

quot, 

g 

treat¬ 

ment 

time, 

min 

0.1  N 
NaOH 
used, 
ml 

0.1  N 
NaOH 
used  up  in 
the  blank 
test,  ml 

free 

boron 

fo^nd. 

0,5 

30 

1,7 

0,2 

0,.33 

1,0 

.30 

3,8 

0,7 

0,.32 

0,5 

/i.') 

t,8 

0,3 

0.34 

1,0 

45 

3.7 

0,7 

0,32 

0,5 

GO 

1,0 

0,3 

0,34 

0,5 

75 

1,0 

0,3 

0,34 

0,5 

00 

1,0 

0,3 

0,.34 

1,0 

30 

3,4 

0.3 

0,34 

1,0 

45 

3,45 

0,3 

0,35 

TABLE  2 

Repeated  Treatment  of  Boron  Carbide  with  the  Hydrogen  Peroxide— Nitric  Acid  Mixture 
(O.f)  g  of  sample.  4.'i  ml  H202(l  :  2)  +  10  drops  of  HNOs) 


Treatment 

time,  min 

0.1  N  NaOH 

used,  ml 

0.1  N  NaOH  used 
in  the  blank  test. 

ml 

Free  boron  found. 

30 

0.7 

0.7 

- 

45 

0.8 

0.^ 

0.02 

60 

0.8 

0.7 

0.02 

TABLE  3 

Determination  of  Free  Boron  in  Synthetic  Mixtures  of  B^C  and  Amorphous  Boron  (0.34fl/r 
free  boron  was  found,  0..S00  g  of  B^C  contained  17  mg  of  free  boron) 


Boron  j 
added, 
mg 

Boron  tliat 
should  be 
present, 
mg 

1  Free  boron 
found,  mg 

Relative 

error, 

% 

Boron 

added. 

mg 

Boron  thai 
should  be 
present, 
mg 

Free  boron 
found, 
mg 

Relative 

error. 

9,5 

11,2 

11,0 

+3,4 

16,25 

17,95 

18,4 

+2.2 

18,8 

20,5 

20,8 

1-1,17 

26,43 

28,13 

27,70 

—1,50 

10,5 

12,2 

11.9 

—2,4 

49,0 

50,7 

50,26 

—0,86 

20,6 

22,3 

22,16 

—0,85 

50,1 

50,8 

51,02 

+0,40 

The  washed,  insoluble  residue  was  dried  at  110-120“  to  constant  weight  and  again  treated  with  the  oxidizing 
mixture.  Results  obtained  on  treating  boron  carbide  with  a  mixture  of  hydrogen  peroxide  and  nitric  acid  are 
given  in  Tables  1  and  2. 

On  the  basis  of  the  results  given  in  Tables  1  and  2,  the  following  conclusions  can  be  drawn.  During  treat¬ 
ment  of  boron  carbide  with  a  mixture  of  hydrogen  peroxide  and  nitric  acid,  only  the  free  boron  is  oxidized.  Boron 
carbide  is  not  oxidized  at  all  under  these  conditions.  A  constant  amount  of  boron,  corresponding  to  the  free  boron 
content  of  the  boron  carbide,  passes  into  solution,  independently  of  the  time  for  which  the  carbide  is  treated  with 
the  oxidizing  mixture,  and  independently  of  the  composition  of  the  oxidizing  mixture.  When  the  boron  carbide 
residue  from  the  first  treatment  was  given  a  second  treatment  with  the  oxidizing  mixture  no  further  amounts  of 
boron  passed  into  solution.  Determination  of  boron  in  the  filtrate  demonstrated  its  absence.  Boron  is  determined 
with  an  accuracy  of  0.02°fr. 
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TABLE  4 


Determination  of  Free  Boron  in  Boron  Nitride  (first  treatment  with  the  oxidizing  mixture) 


15  ml  hydrogen  peroxide  (1  ;2)+  10  drops 
HNO3 

30  ml  hydrogen  peroxide  (1 ;  2)  +  10  drops 

HNO3 

ali¬ 

quot, 

g 

treat¬ 

ment 

time, 

min 

0.1  N 
NaOH 
used, 
ml 

0.1  N 
NaOH 
used  up  in 
the  dRuk 
test,  ml 

free  boroii 
found, 

°Jo 

ali¬ 

quot. 

treat¬ 

ment 

time, 

min 

0.1  N 
NaOH 
used, 
ml 

0.1  N 
NaOH 

lest,  ml 

free  boron 
found, 

% 

0,3 

30 

0,8 

0,3 

0,18 

0,5 

45 

1,4 

0,5 

0,19 

0,3 

45 

0,8 

0,3 

0,18 

0,5 

60 

1,35 

0,5 

0,18 

0,3 

60 

0,9 

0,3 

0,21 

1,0 

45 

2,25 

0,5 

0,18 

0,3 

75 

0,85 

0,3 

0,2»1 

1.0 

GO 

2,20 

0,5 

0,18 

TABLE  5 


Repeat  Treatment  of  the  Boron  Nitride  Residue  with  the  Oxidizing  Mixture  (0.5  g 
aliquot.  30  ml  of  hydrogen  peroxide  (1  ;  2)  +  10  drops  HNO3  were  taken) _ 


Treatment  time, 

0.1  N  NaOH 

j 

0.1  N  NaOH  used 
up  in  the  blank  test, 
ml 

Free  boron  found. 

min 

used,  ml 

45 

0.5 

0.5 

0 

60 

0.45 

0.5 

0 

In  order  to  check  on  the  suggested  method  for  the  determination  of  free  boron  in  boron  carbide,  we  made 
up  and  analyzed  synthetic  mixtures  of  amorphous  boron  and  boron  carbide  in  various  proportions.  These  mixtures 
were  treated  with  a  solution  of  hydrogen  peroxide  and  nitric  acid  as  described  above.  Boron  was  determined  in 
the  filtrates  by  titration  with  invert  sugar. 

It  follows  from  results  obtained  (Table  3)  that  free  boron  in  boron  carbide  can  be  determined  with  reason¬ 
able  accuracy  by  the  method  suggested. 

During  determination  of  free  boron  in  boron  nitride  by  treating  the  samples  with  the  oxidizing  mixture 
(a  mixture  of  hydrogen  peroxide  (1  :  2)  and  nitric  acid)  the  results  shown  in  Table  4  were  obtained. 

According  to  these  results  the  amount  of  boron  which  dissolved  is  always  the  same  and  corresponds  to  the 
free  boron  content  of  the  boron  nitride,  the  amount  found  being  Independent  of  the  time  for  which  the  sample  is 
treated  with  the  oxidizing  mixture  and  of  the  composition  of  the  mixture.  After  the  first  treatment  with  the  oxid¬ 
izing  mixture,  the  sample  of  boron  nitride  was  filtered  off,  thoroughly  washed  with  d istilled  water  and  the  insolu¬ 
ble  residue  dried  to  constant  weight.  The  boron  nitride  thus  obtained,  not  containing,  free  boron,  was  then  given 
a  second  treatment  with  the  oxidizing  mixture.  We  wished  to  confirm  by  these  experiments  that  boron  nitride, 
not  containing  free  boron  is  not  decomposed  by  the  oxidizing  mixture.  The  results  which  we  obtained  are  given 
in  Table  5. 

On  the  basis  of  these  results  it  can  be  concluded  that  boron  nitride  is  not  oxidized  by  a  mixture  of  hydrogen 
peroxide  and  nitric  acid.  The  boron  which  dissolves  during  such  a  treatment  corresponds  to  the  free  boron  content 
of  the  boron  nitride. 

In  order  to  check  on  the  method  for  the  determination  of  free  boron  in  boron  nitride,  we  analyzed  alloys  of 
of  boron  nitride  and  elemental  boron.  The  free  boron  of  these  alloys  was  determined  by  the  method  described 
above.  After  decomposition  of  separate  aliquots  by  fusion  with  sodium  carbonate,  the  total  boron  and  nitrogen 
(Kjeldahl)  contents  were  determined. 
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TABLE  6 


Determination  of  Free  Boron  In  Boron  Nitride -Boron  Alloys 


Sample 

No. 

Nitrogen 

content 

(Kjeldahl), 

% 

Total  boron 
content.  % 

Free  boron 
content,  % 

Combined  boron 
calc. as  a  differ¬ 
ence  of  total 
boron  and  free 

Combined  boron 
calc,  on  the  basis 
of  the  nitrogen 
value,  % 

1 

45,80 

51,75 

15,84 

35,90 

35,40 

V 

18,75 

70,1K» 

05,0 

14,70 

14,. 50 

3 

20.10 

77,0 

01,25 

15,75 

15,54 

4 

34,0 

02,10 

35,48 

26,68 

26,28 

From  the  results  on  the  determination  of  total  and  free  boron  the  amount  of  combined  boron  in  BN  was 
determined.  In  addition,  the  amount  of  combined  boron  was  calculated  on  the  basis  of  the  determination  of  the 
amount  of  nitrogen  present.  These  results  which  were  obtained  for  four  alloys  of  boron  nitride  with  elemental 
boron  are  given  in  Table  6. 


EXPERIMENTAL  PROCEDURE 

0.1-1  g  of  boron  carbide  or  boron  nitride  (depending  on  the  free  boron  content)  was  treated  in  a  200-2f»0 
ml  conical  flask  with  a  condenser  with  a  ground-glass  joint,  with  a  mixture  of  ml  of  hydrogen  peroxide 

(1:2)*  and  10  drops  of  nitric  acid.  The  solution  in  the  flask  was  slowly  heated  to  the  boll  and  then  boiled  for 
40-4.')  minutes.  For  high  amounts  of  free  boron,  an  additional  S-.*)  ml  of  hydrogen  peroxide  was  added.  For  free 
boron  contents  up  to  15  ml  of  hydrogen  peroxide  (1  :  2)  was  sufficient.  After  the  free  boron  had  dissolved  the 
solution  was  boiled  for  a  further  10  minutes,  it  was  then  cooled  and  the  condenser  washed  with  water,  the  insolu¬ 
ble  residue  was  filtered  off  (boron  carbide  or  nitride).  The  residue  was  washed  several  times  with  water  and  2-3 
times  with  \ojo  sodium  hydroxide  solution.  The  weakly  acid  filtrate  was  boiled  under  reflux  for  removal  of  carbon 
dioxide.  The  solution  was  cooled,  neutralized  with  sodium  hydroxide  using  methyl  red  as  Indicator,  and  1-2 
drops  of  hydrochloric  acid  (1  :  1)  added,  the  solution  was  again  neutralized  with  0.1  N  sodium  hydroxide,  the 
latter  being  added  dropwise  from  a  buret.  To  the  neutral  solution  was  added  10  ml  of  a  .50<»t  neutral  solution  of 
invert  sugar,  and  the  solution  titrated  using  phenolphthalein  as  indicator  until  a  permanent  pink  color  was  obtained. 
A  blank  was  carried  out  through  all  the  stages  of  the  analysis. 


— ^k)-T-100 

^free  ~  w 


where  V  is  the  volume  of  0.1  N  NaOH  used  in  ml  for  titrating  the  solution  of  free  boron;  Vj^  is  the  volume  of  0.1 
N  NaOH  in  ml  used  for  titrating  the  solution  of  the  blank  experiment;  T  is  the  normality  of  the  alkali  solution 
which  was  established  by  means  of  recrystallized  boric  acid;  d  is  the  weight  of  sample  in  g. 

SUMMARY 

A  method  has  been  developed  for  determining  free  boron  in  boron  carbide  and  nitride;  it  is  based  on  oxida 
tion  of  free  boron  with  a  mixture  of  hydrogen  peroxide  and  nitric  acid,  boron  combined  as  nitride  or  boride  does 
not  react  under  these  conditions.  A  titrimetric  finish  with  alkali  in  the  presence  of  invert  sugar  is  used  for  de¬ 
termining  the  free  boron. 
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Determination  of  sulfur  compounds  in  solution  is  of  considerable  practical  importance  during  analysis  of 
sulfide  mineral  waters  for  the  determination  of  the  composition  of  sulfur  dye  baths  and  the  lyes  that  are  obtain¬ 
ed  during  the  sulfite  method  of  cellulose  production,  in  a  number  of  industrial  processes  connected  with  the 
isolation  of  heavy  metals,  and  also  in  the  processes  used  for  purifying  industrial  gases  from  hydrogen  sulfide  and 
sulfur  compounds.  On  the  other  hand,  the  study  of  the  numerous  processes  and  physicochemical  properties  of 
solutions  of  sulfides  also  require  reasonably  reliable  methods  for  analyzing  these  systems. 

Methods  have  been  published  [1-17]  on  the  determination  of  total  sulfur  belonging  to  sulfide,  hydrosulfide, 
and  hydrogen  sulfide,  both  in  pure  solutions,  and  in  the  presence  of  other  ions.  Considerably  less  work  has  been 
carried  out  [18,  19]  on  the  separate  determination  of  sulfide,  hydrosulfide,  and  free  hydrogen  sulfide  in  solution. 
These  methods  only  permit  the  determination  of  sulfide  and  hydrosulfide  in  the  absence  of  other  sulfur-contain¬ 
ing  ions.  Accordingly,  we  carried  out  some  work  on  the  separate  determinations  of  sulfide,  hydrosulfide,  and 
free  hydrogen  sulfide. 

It  has  been  shown  in  a  number  of  papers  [11-14]  that  the  use  of  a  sulfide -silver  electrode  for  the  poten- 
tiometric  titration  of  sulfide  by  silver  nitrate  permits  a  fairly  accurate  determination  of  sulfide  sulfur  in  the 
presence  of  sulfite,  sulfate,  and  thiosulfate  ions,  and  also  in  the  presence  of  the  ions  of  tri-  and  quinquevalent 
arsenic  compounds,  since  the  silver  sulfide  that  is  formed  during  the  titration  has  a  much  lower  solubility  prod¬ 
uct  than  silver  arsenate  and  arsenite  [20-27]. 

The  method  which  we  should  like  to  suggest  for  the  determination  of  sulfide,  hydrosulfide,  and  hydrogen 
sulfide  is  based  on  the  well-known  pot  entiome  trie  titration  of  the  test  solutions  by  silver  nitrate  using  a  sulfide - 
silver  electrode,  coupled  with  determination  of  the  original  pH  of  these  solutions.  Determination  of  the  total 
sulfide  in  solution,  and  a  knowledge  of  the  pH  of  the  solution,  permits  one,  on  the  basis  of  simple  calculations 
which  were  published  in  another  of  our  papers  [28],  to  calculate  the  individual  contents  of  sulfide  and  hydro¬ 
sulfide  ions  and  free  hydrogen  sulfide  in  the  solutions  being  analyzed. 

It  is  known  that  precipitation  of  silver  sulfide  depends  to  a  large  extent  on  the  pH  of  the  medium  [22,  24, 
29-31].  In  particular,  a  number  of  authors  have  pointed  out  [11,  14,  15]  the  need  for  making  the  sulfide  solution 
alkaline  when  titrating  with  silver  nitrate.  However,  no  accurate  data  are  available  anywhere  few  the  pH  value 
which  is  necessary  for  obtaining  reliable  results. 

In  this  connection  therefore  it  was  necessary  to  improve  the  method  for  determining  sulfide  sulfur  by 
potentiometric  titration  of  sodium  sulfide  solutions  with  silver  nitrate  solution.  The  results  which  we  obtained 
during  this  work  are  given  below. 

0.05  and  0.1  M  sodium  sulfide  solutions  which  were  prepared  from  chemically  pure  Na2S  •  9H2O  were  used 
in  our  experiments.  The  purity  of  the  preparation  was  controlled  iodometrically  by  taking  aliquots  of  the  material. 
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Fig.  1.  Potentiometric  titration  curves  obtained 
during  titration  of  about  0.1  M  Na^S  solution  with 
AgN03  solution  using  a  Ag/Ag2S  electrode.  1) 
With  addition  of  alkali;  2)  without  addition  of 
alkali. 
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Fig.  2.  Curves  obtained  during  potentiometric  titra¬ 
tion  of  about  0.1  M  Na2S  solution  with  AgN03  solu¬ 
tion  using  a  glass  electrode.  1)  With  addition  of 
alkali;  2)  without  addition  of  alkali. 


and  also  by  potentiometric  titration  with  sulfuric  acid 
using  a  glass  electrode.  Two  sections  were  clearly  ob¬ 
served  on  the  titration  curves,  they  correspond  to  the 
following  processes: 

S*-  -i-  HS";  ns“  +  HzS. 

The  amount  of  sulfide  determined  according  to 
the  potentiometric  titration  curve,  corresponded,  within 
the  limits  of  experimental  error,  to  that  determined  in 
the  same  aliquot  by  an  iodometric  method,  and  to  the 
results  of  gravimetric  analysis.  The  concentration  of 
the  silver  nitrate  solutions  was  checked  by  potentiome¬ 
tric  titration  with  a  standard  solution  of  sodium  sulfide 
using  a  silver  chloride  electrode.  All  determinations 
were  carried  out  with  a  Raps  potentiometer,  the  accuracy 
with  which  the  potential  was  measured  being  not  less  than 
±  1  mv.  During  titration  the  following  galvanic  circuit 
is  established: 

Hg  I  HgCl2 1  KCl^  I  test  solution  I  Ag2S  ]  Ag 

The  sulfide -silver  electrode  used  for  titration 
was  a  platinum  disc  fused  into  a  glass  tube  and  covered 
with  a  layer  of  silver  sulfide  by  treating  an  electrolyi- 
ically  deposited  film  of  silver  with  sodium  sulfide  in 
solution. 

Initially,  a  series  of  determinations  of  total  sul¬ 
fide  was  carried  out  in  a  solution  of  sulfide  with  and 
without  addition  of  alkali.  During  the  experiments 
the  vessel  containing  the  test  solution,  the  buret  with 
the  titrant,  and  the  calomel  electrode  were  all  placed 
in  an  air  thermostat  whose  temperature  was  automatic¬ 
ally  controlled.  The  experiments  were  carried  out  at 
25  ±  0.5°.  In  those  cases  where  alkali  was  used,  10  ml 
of  0,1  N  NaOH  was  added  to  5  ml  of  the  Na2S  solution. 


In  Fig.  1  is  shown  the  curves  obtained  during 
potentiometric  titration  with  and  without  added  alkali 
Results  of  comparative  determinations  of  the  total  sul¬ 
fide  content  by  an  iodometric  method,  and  by  the 

potentiometric  method,  with  and  without  addition  of  alkali,  are  also  given  in  Table  1.  It  is  clear  from  these 
results  that  the  results  obtained  by  potentiometric  determination  of  total  sulfide  coincide  with  those  obtained 
by  the  iodometric  method  within  the  limits  of  experimental  error  only  in  those  cases  where  alkali  is  added  to 
the  test  solution.  When  no  alkali  is  added  the  titration  curves  are  displaced  towards  the  left.  In  such  cases  the 
deviation  between  the  results  of  the  potentiometric  determinations  and  the  iodometric  determinations  is 


In  order  to  elucidate  the  reason  for  this  deviation,  sodium  sulfide  was  titrated  using  a  glass  electrode.  The 
galvanic  circuit  was  the  same  as  before,  but  the  sulfide -silver  electrode  was  replaced  by  a  glass  electrode  (a  LP-5 
potentiometer).  The  curves  obtained  in  this  case  are  shown  in  Fig,  2.  They  show  that  when  alkali  is  not  specially 
added,  titration  of  Na2S  solution  with  silver  nitrate  is  accompanied  by  a  gradual  drop  in  the  pH  of  the  solution. 

A  particularly  sharp  pH  drop  is  observed  on  approaching  the  equivalence  point.  As  is  evident  from  the  titration 
curve,  the  pH  of  the  solution  being  titrated  drops  from  11.6  to  5.9. 
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TABLE  1 


mv 


Determination  of  Total  Sulfide  lodometric- 
ally  and  by  Potentlometric  Titration  with 
Addition  of  Sodium  Hydroxide 


Sodium  sulfide  found, 
mole/  liter 

Deviation, 

% 

iodome  - 
trically 

potentiom- 

etrically 

0,0496 

1 

0,0486 

2,0 

0,0496 

0,0480 

2,0 

0,1002 

0,1000 

0.2 

0,1002 

0,0989 

1.3 

0,1002 

0,1000 

0,2 

0,1002 

0,1000 

0,2 

0,1024 

0,1020 

0,4 

0,1024 

0,1020 

0,4 

0,1009 

0,1000 

1.0 

0,1009 

0,1009 

0,0 

0,1012 

0,1009 

0,3 

0,1012 

0,1009 

0,3 

0,1011 

0,1009 

0,2 

0,1011 

0,1009 

0,2 

Mean  0,6 


It  is  known  [28]  that  reactions  of  the  type  S*"  + 

+  ^HS"  and  HS"  +  H^  HjS  are  possible.  This  fact 
gives  one  grounds  for  suggesting  that  under  the  condi¬ 
tions  where  the  NajS  solution  is  titrated  in  the  absence 


^5n\ 


Fig.  3.  Curves  obtained  during  potentlometric 
titration  of  about  0.1  M  NajS  solution  with 
AgNOs  solution  using  a  Ag/AgjS  electrode. 

1)  Without  addition  of  H2SO4;  2)  2  ml  of  0.1  N 
H2SO4  added;  3)  3  ml  of  0.1  N  H2SO4  added; 

4)  4  ml  of  0.1  N  H2SO4  added;  S)  5  ml  of  0.1  N 
H2SO4  added. 


of  sodium  hydroxide  added  specially,  formation  of  various  amounts  of  AgHS  may  occur  in  addition  to  precip¬ 
itation  of  Ag2S.  It  would  be  possible  in  this  way  to  explain  the  deviation  between  the  two  methods  of  analysis 
indicated  above.  The  following  equilibria  may  affect  the  experimental  results: 


1. 

s»- 

+  H,0;i 

HS"  +  OH". 

0 

HS‘ 

■4- 2Ag+^iAg.zS-fH^, 

3. 

HS“ 

+  Ag%-:i 

AgHS. 

4. 

H^ 

+  OH~^± 

HoO. 

5. 

HS' 

■+ 

HiS. 

6. 

Ag* 

+ 

AgHS  H+ 

The  possibility  of  formation  of  thfe  compound  AgHS  as  a  result  of  reactions  (3)  and  (6)  is  confirmed  by 
direct  thermodynamic  calculations.  According  to  Treadwell  and  Hepenstrlck  [22]  the  equilibrium  constant  of 
reaction  (6)  is  equal  to  1.76  x  10*.  From  this  It  follows  that  the  change  in  the  isobaric  potential  of  the  system 
during  this  reaction  is  equal  to;  =  — 12.6 kcal/mole,  which  indicates  that  there  is  a  high  probability  of 

this  reaction  occurring.  Since  die  standard  .changes  in  the  isobaric  potential  for  the  processes  of  formation  of 
Ag"*^  and  H2S  are  known,  then  the  value  of  can  be  calculated  as  follows; 

^  Z(W  =  ZAgHS  -  ^  ZigH-  -  i  Zf,.s  -  12,G  4  Zj,„s  IS  A  -I-  0,5. 

From  which 

A  Z^p,,g  =  —  37, .S  kcal/ mole 
A  Zj,)  =  _  37,5  —  3  +  18,4  =  —22,1  kcal/  mole. 
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TABLE  2 

Determination  of  the  S*"  and  H2S  Contents  by  the  lodometric  and  Potentlometric  Methods 


Na^S  con¬ 
centration 
mole/ liter, 
determined 
iodometric - 
ally 

Sulfur  content,  determined 
potentiometrically 

Total 
amount  of 
sulfur^^, 

g 

Deviations 
between  the 
odometric 

in 

sample,* 

g 

as  S-^ 
mole 
per  liter 

as  S"^, 
g 

as  HS”, 
mole  per 
liter  ^ 

as  HS”, 
g 

ind  poten¬ 
tiometric 
results,  % 

0,0.523 

0,0()S4 

0,0415 

0,0000 

0,0100 

0,0018 

0,0082 

-2.3 

0,052.3 

O.OOSl 

0,0415 

0,(X)00 

(),01()0 

0,0018 

0,0082 

—2,3 

0,0.523 

0,0(184 

0,0.3(15 

0,(H).58 

0,0100 

(),002(> 

0,0084 

0,0 

0,0.52.3 

0,0084 

0,0.315 

0,00.50 

0,0220 

(),(H*35 

0,(K)85 

+  1,1 

0,0.52.3 

(),((084 

0,020.3 

(),(H)42 

0,02.55 

0,0041 

0,(X)83 

—1.1 

0,0510 

(),(H)82 

0,0445 

0;0()71 

(),(H)7() 

0,0011 

0,(X)82 

0,0 

0,0.510 

0,0082 

(),0'i45 

0,(H)71 

0,0070 

0,0011 

0.(X*82 

0.0 

0,0100 

(),(H>1(t 

0,(H)7.3 

0,0012 

0,0028 

().(H)04 

0,0010 

0,0 

0,0100 

O.OOK) 

0,(HI.55 

0,0(Hi!) 

0,0048 

(),onf)7 

0,0010 

+3,0 

0,011M) 

0,(H(1(; 

0,0055 

0,0009 

0,0048 

0,0(X)7 

0,(X)10 

+3,0 

0,0100 

0,(H)17 

(),(M)74 

0,0012 

0,(K).32 

0,0005 

0,0017 

0,0 

0,0100 

(),(K)17 

(),(M)7;{ 

0,(H)12 

0,00.38 

0,000() 

0,0018 

+3,0 

0,010!) 

0,0017 

0,00.5.3 

(),()(H)8 

0,(H).54 

0,(XX)9 

0,0017 

+3.0 

0,1015 

0,01C.2 

0,(1700 

0,0112 

0,0300 

0,(X)48 

0,0160 

—1.2 

0,HK)0 

(),()1()1 

0,0800 

0,01.38 

0,01(10 

(),()( 120 

0,0160 

+  1.2 

0,1015 

0,01  (>2 

0,0705 

0,0113 

0,0280 

0,0045 

0,0158 

—2,4 

0,1015 

(),()1(i2 

0,0000 

o|0()!)0 

0,0430 

0,0009 

0,0165 

+  1,2 

0,1015 

0,01(12 

0,()0(,'0 

0,0090 

0,0420 

0,0007 

0,0163 

+0,9 

0,1015 

0,0102 

0,0485 

(),(K)77 

(*,05.50 

0,0088 

0,0165 

+  1,2 

0,1015 

0,01(12 

0,0400 

0,0004 

0,0000 

0,(X)90 

0.0160 

—1.2 

0, 10(H) 

0,01(10 

0,0780 

0,0125 

0,0240 

0,(X).38 

0,0163 

+  1.8 

0,1(KM) 

0, 01(10 

0,0780 

0,0125 

0,0240 

0,0038 

0.0163 

+  1.8 

0,1(HH) 

0,01(10 

0,0080 

0’,0109 

0,0340 

0,(1054 

0.0163 

H-1,8 

0, 10(H) 

0,01(10 

0,0080 

0,0109 

0,0340 

0,0054 

Mean 

+  1.8 
—0,4 

•Determined  iodometrically. 

•  •Determined  potentiometrically. 

Accordingly,  formation  of  AgHS  at  a  certain  hydrogen  ion  concentration  of  the  test  solution  is  fully  pos¬ 
sible  thermodynamically.  • 

On  adding  alkali  to  the  original  sulfide  solution,  only  Ag2S  is  precipitated,  and  there  is  no  deviation  be¬ 
tween  the  results  of  the  iodometric  and  potentiometric  methods.  It  follows  from  the  series  of  experiments  car¬ 
ried  out  that  the  pH  of  the  original  test  solution  should  not  be  less  than  13  in  order  to  get  such  agreement.  The 
difference  between  the  solubility  products  of  Ag2S  and  Ag20  [32]  is  sufficiently  great  (L^  g  =  5., 5  x  10“®^ 
^Ag20  “  ^  10**),  and,  accordingly,  addition  of  known  amounts  of  alkali  sufficient  to  Keep  the  medium 

alkaline  should  not  interfere  during  titration  with  the  sulfide  determination. 

The  method  for  separate  determination  of  sulfide,  hydrosulfide,  and  hydrogen  sulfide  consisted  of  the 
following.  First  of  all  the  pH  of  the  original  solution  was  determined,  A  known  amount  of  NaOH  or  KOH  solu¬ 
tion  free  from  carbonate  was  then  added  to  the  test  solution  in  order  to  establish  the  pH  of  the  solution  at  13. 
The  solution  was  then  titrated  potentiometrically  with  the  sulfide -silver  electrode.  From  this  curve  total  S*' 
HS.',  and  H2S  was  determined  (Cq).  The  following  calculations  were  then  carried  out  depending  on  the  original 
pH:  for  pH  <9.0  (in  solutions  containing  H2S  and  HS”) 


•  /,r 


IIS- 


'h,s-CoNii.s-Co 


ns- 


chs-  =  ‘^o(100  — ^Has)  g-ion/  liter. 


•  Calculation  shows  that  at  pH  <  9  in  the  solution,  there  are  hardly  any  S**ions  in  solution,  and  that  all  the 
sulfide  is  present  in  the  form  of  HS”  ions  or  a  mixture  of  HS”  and  H2S. 
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Mean  (8,87+0.21)-10-! 


For  pH  >  9.0  (in  the  presence  of  HS"  and  S*"  in  solution) 


IIS 


_=CoN,,s-  =  c, 


;  cgi-  Cq  (100  —  Nns-)* 


®  ^2/a _ ‘I*  °u+fa 


HS- 


s* 


where  Cj^g..  Cj^  g,  and  Cg2-  are  the  concentrations  of  the  corresponding  ions  and  free  hydrogen  sulfide  in 
mole/liter  or  g.^on/liter;  Npjg-,  Nj^^g  are  the  molal  ratios  as  %  of  HS*  ions  and  hydrogen  sulfide;  K^,  are 
the  constants  of  the  first  and  second  stages  of  dissociation  of  H^S;  apj+  is  the  hydrogen  ion  activity;  f  “pjs"’ 
/  otg2-  are  the  activity  coefficients  of  the  corresponding  ions. 


In  order  to  study  the  behavior  of  sulfide  solutions  at  pH  <  12  we  carried  out  a  series  of  titrations  of  about 
0.1,  O.O.S,  and  0.01  M  Na2S  solutions  with  silver  nitrate,  various  amounts  of  alkali  being  added.  5  ml  or  10  ml 
of  solution  was  taken  for  titration  and  various  amounts  of  0.1,  0.05,  and  0.01  N  H2SO4  added,  the  amount  of  the 
latter  added  being  dependent  on  the  sodium  sulfide  concentration. 

As  is  evident  from  Fig.  3,  two  breaks  appear  on  the  titration  curve  on  addition  of  acid.  As  the  amount  of 
acid  added  is  increased,  the  first  break  appears  on  addition  of  smaller  amounts  of  AgNOs. 

On  the  basis  of  these  results  we  assumed  that  the  first  sloping  part  on  the  curves  corresponds  to  deposition 
of  Ag2S  from  solution,  while  the  second  corresponds  to  deposition  of  AgHS.  In  order  to  confirm  this  we  calculated 
the  equivalents  of  S*'  and  HS'  corresponding  to  each  of  the  breaks,  and  then  compared  the  sum  of  these  values 
with  the  total  original  content  of  sulfide  in  the  same  solution  as  determined  iodometrically.  If  our  assumptions 
were  correct,  then  the  sums  of  the  equivalents  should  coincide. 


From  Table  2  it  is  clear  that  the  total  S^”  and  HS*  content  as  determined  potentiometrically,  actually  cor¬ 
responds,  within  the  limits  of  possible  experimental  error,  to  the  sulfide  sulfur  content  determined  iodometrically. 
Consequently,  both  the  thermodynamic  calculations  and  experimental  data  confirm  the  assumption  of  the  forma¬ 
tion  of  silver  hydrosulfide  under  the  experimental  conditions  used.  Results  obtained  during  potentiometric  titra¬ 
tion  of  sulfide  with  silver  nitrate  using  a  glass  electrode  were  used  for  calculating  the  solubility  products. 


Each  point  on  the  curve  corresponds  to  the  equilibrium  S*  +  If'’  ^^^HS',  Accordingly  ~ 

’  /V.  *4.  r\r  /  ^  —  z'* /  ^  tjT  / ^  ^  T7-  J  _ _ _  t  ¥  o  .  ^  1  . 


-  ^os*"  ^*c2*/  ^auc*  ^2  ^Association  constant  of  H2S;  c^  2-  ^^‘Ac^ 

concentrations  of  the  S*'  and  HS"  ions  in  g.  ion/ mole  which  are  different  for  each  point  on  the  curve;  0^2- 

and  Ouc-  are  the  activities  of  these  ions;  and  /  2-  and  *Aie  activity  coefficients  of  the  correspond- 

otg  “HS 

ing  ions. 


Formation  of  a  precipitate  during  titration  is  determined  by  the  following  equilibria: 


S=-  -f  2.\g^  -  Ag.,S 
li.S-  -I-  Ag^-;:iAglIS. 
Agl  IS  4-  Ag*- AgjS  -|- 


If  the  sulfide  concentration  of  the  original  solution  is  designated  by  x,  then,  on  addition  of  m  moles  of  AgNOs, 
total  c*g2_  +  =  X  -  my^g^./2.  The  solubility  product  of  AgHS  is  given  by  L^gj^S  =  ^Ag+ 

activity  of  the  ions  C(;^g+  is  “determined  from  the  solubility  product  of  Ag2S.  Since  x  =  c  g2-  +  c'|^g-  and 
aH+  are  known,  it  is  not  difficult  to  calculate  052-  and  from  this  a^g+  =  LAg2S/®S2—  During  calculation 

of  apj+  on  the  basis  of  the  results  obtained  during  potentiometric  titration  with  a  glass  electrode  in  the  alkaline 
region,  a  correction  was  applied  for  the  deviation  of  the  readings  of  the  glass  electrode  from  the  normal  hydrogen 
function  [28],  The  activity  coefficients  were  calculated  from  the  Debye-Huckel  equation  for  dilute  solutions 
[33,34].  Table  3  contains  the  results  obtained  for  the  solubility  product  of  AgHS  calculated  in  this  way.  The 
mean  value  L  at  25”  was  found  to  be  (8.87  ±  0.21)x  10**^. 


the 
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SUMMARY 


A  method  is  suggested  for  the  determination  of  sulfide,  hydrosulfide,  and  hydrogen  sulfide  in  pure  solutions; 
it  is  based  on  the  potentiometric  measurement  of  the  pH  of  these  solutions,  with  subsequent  addition  of  known 
amounts  of  pure  alkali  to  establish  a  pH  of  13,  and  titration  of  tiiese  alkaline  solutions  with  silver  nitrate.  By 
means  of  the  appropriate  thermodynamic  equations  the  concentrations  of  S*",  HS”,  and  HjS  are  then  calculated 
from  the  results  obtained. 

It  has  been  established  that  silver  hydrosulfide  is  formed  ?s  well  as  silver  sulfide  during  titration  of  sulfide 
solutions.  The  solubility  product  of  silver  hydrosulfide  at  2.5*  has  been  calculated.  It  was  found  to  be  equal  to 
(8.87  ±  0.21)  X  10-^\ 
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Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  IS,  No.  2,  pp.  218-221, 
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Original  article  submitted  June  17,  19.57 


There  are  no  satisfactory  methods  for  identifying  diphenylthiocarbazone  (dithizone),  o-ditolylthiocarbazone* 
(I)  and  p-ditolylthiocarbazone  •  (II). 


-<z> 


^NH-NH 
N=N 

I 

CH, 


0) 


/NH— NH-/  S-CHs 

C=S  ^ ^  (II) 

\nH=N  — _ ^-CH, 


The  melting  points  of  these  materials  are  close  and  depend  on  their  purity.  The  insignificant  difference 
in  the  colors  of  their  inner-complex  salts  can  also  lead  to  mistaken  conclusions  unless  the  operator  is  experienced. 

For  identification  of  the  compounds  listed,  use  can  be  made  of  differences  in  their  solubilities  in  aqueous 
alkali  solutions,  and  of  the  difference  in  the  stability  of  the  bonds  formed  between  metals  and  the  acid  residues 
in  the  inner-complex  salts  formed  by  these  compounds  [1,  2],  Dithizone  dissolves  in  aqueous  alkaline  solutions 
at  lower  pH  values  than  does  its  methyl  derivatives.  Thus,  on  shaking  the  green  solution  of  dithizone  in  carbon 
tetrachloride  with  an  equal  volume  of  an  aqueous  solution  with  a  pH  of  9 -9.. 5,  the  greater  part  of  the  dithizone 
is  extracted  into  the  aqueous  phase,  coloring  it  an  orange -yellow  color,  while  the  carbon  tetrachloride  phase 
becomes  almost  completely  colorless  [3].  Under  these  conditions,  the  methyl  derivatives  are  extracted  to  such 
a  small  extent  from  the  carbon  tetrachloride  that  the  aqueous  layer  does  not  acquire  an  appreciable  color,  or 
acquires  only  a  weakly  yellowish  color  on  prolonged  shaking. 

In  order  to  establish  more  clearly  the  differences  in  the  stability  of  the  bonds  of  zinc  with  the  acid  residues 
in  the  inner-complex  salts  of  dithizone  and  its  methyl  derivatives,  the  following  exchange  reactions  were  studied: 
a)  the  exchange  reactions  of  the  zinc  inner -complex  salts  of  all  three  compounds  with  hydrogen  sulfide  and  solu¬ 
tions  of  sodium  and  ammonium  sulfides,  and  b)  of  dithizone  and  its  methyl  derivatives  with  zinc  sulfide. 

For  these  experiments  10“*  M  solutions  of  dithizone  and  its  analogs,  .5  x  10"®  M  solutions  of  the  zinc  com¬ 
plexes  of  these  compounds  in  carbon  tetrachloride,  and  0.1  M  solutions  of  hydrogen  sulfide  and  ammonium  and 
sodium  sulfide  were  used. 


•The  ortho-  and  para-ditolylthiocarbazones  are  henceforth  called  o-  and  p-ditolyzones  and  are  arbitrarily 
designated:  o-HDtz  and  p-HDtz  as  monobasic  acids. 
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a)  Behavior  Toward  Hydrogen  Sulfide  Water.  On  shaking  solutions  of  the  dithizonate,  and  o-  and  p- 
dltolyzonates  of  zinc  with  an  equal  volume  of  hydrogen  sulfide  water,  rapid  breakdown  of  zinc  o-ditolyzonate 
alone  occurs. 

The  red  color  of  the  carbon  tetrachloride  layer  containing  zinc  o-ditolyzonate  in  solution  changes  to 
green, which  is  characteristic  for  a  solution  of  the  free  o-ditolyzone  in  organic  solvents: 


Zn  (o-Dtz)H-n2S::l2o-HDt7.-l-ZnS. 
in  cci«  in  H20  in  cci«  in  H20 

Zinc  dithizonate  and  p-ditolyzonate  are  not  broken  down  by  hydrogen  sulfide  water  and  the  color  of  the 
carbon  tetrachloride  layer  does  not  change. 

b)  Behavior  Toward  Sodium  and  Ammonium  Sulfides.  Zinc  o-ditolyzonate  is  destroyed  immediately  by 
sodium  sulfide  with  decolor! zat ion  of  the  carbon  tetrachloride  layer  and  coloring  of  the  aqueous  layer  a  yellow- 
orange  color.  Zinc  dithizonate  is  destroyed  slowly  on  prolonged  shaking  (several  minutes)  or  on  standing  for 
several  hours,  the  same  color  changes  occurlng  in  the  two  phases. 


Zn  (o-Dtz).4-|-Na2S: 
m  cci«  in  H20 


lZnS-l-2Na  (o-Dtz) 
in  H20 


Zinc  p-ditolyzonate  is  destroyed  even  more  slowly  and  incompletely.  Only  partial  breakdown  occurs  on 
standing  for  several  weeks.  The  aqueous  layer  acquires  a  weak -yellow  color,  while  the  color  of  the  carbon 
tetrachloride  becomes  somewhat  lighter. 

On  treating  solutions  of  the  zinc  complexes  of  these  compounds  in  carbon  tetrachloride  with  0.1  M  am¬ 
monium  sulfide,  zinc  o-ditolyzonate  and  dithizonate  are  destroyed  immediately.  Under  these  conditions,  in 
the  first  case  the  carbon  tetrachloride  layer  becomes  light  yellow  in  color,  or  does  not  change.  In  the  second 
case,  the  carbon  tetrachloride  layer  is  decolorized,  while  the  aqueous  layer  acquires  an  orange -yellow  color  as 
a  result  of  the  transfer  of  the  dithizone  from  the  organic  solvent  layer  into  the  aqueous  alkaline  solution  in  the 
form  of  its  ammonium  salt. 

Zinc  p-ditolyzonate  is  not  destroyed  even  on  very  prolonged  contact  with  the  ammonium  sulfide  solution. 

The  properties  of  the  zinc  complexes  are  compared  in  the  table. 

On  shaking  green  solutions  of  all  three  compounds  in  carbon  tetrachloride  with  an  aqueous  suspension  of 
zinc  sulfide  (freshly  precipitated  and  aged  forms)  only  p-ditolyzone  reacted  with  both  forms,  while  dithizone 
reacted  with  the  freshly  precipitated  form  of  the  sulfide.  •  In  this  case  the  green  color  of  the  CCI4  layer  changed 
to  red: 


.  2/i-HDtz-l  ZnS:;lZn  (/i-Dtz)..-tH2S 
incci*  in  H20  in  ecu  in  H20 


Dithizone  did  not  react  with  the  aged  form  of  ZnS.  o-Ditolyzone  did  not  react  with  either  of  the  two 
forms  of  zinc  sulfide. 

The  fact  that  zinc  p-ditolyzonate  is  not  broken  down  by  hydrogen  sulfide,  and  the  sulfides  of  sodium  and 
ammonium  indicates  that  the  stability  of  the  bond  between  zinc  and  the  acid  residue  in  zinc  p-ditolyzonate  is 
greater  than  the  stability  of  the  bonds  between  zinc  and  the  acid  residues  in  zinc  dithizonate  and  o-ditolyzonate. 
The  fact  that  zinc  o-ditolyzonate  is  broken  down  by  all  the  reagents  indicated  shows  that  the  bond  is  least  stable 
in  the  ortho  isomer 

The  stability  of  zinc  dithizonate  towards  hydrogen  sulfide  indicates  the  higher  stability  of  the  bond  of  zinc 
with  the  dithizonate  ion  as  compared  with  the  zinc  bond  in  the  o-ditolyzonate  which  is  destroyed  under  these 
conditions. 


•The  interaction  of  zinc  sulfide  with  dithizone  and  of  zinc  dithizonate  with  hydrogen  sulfide  has  been  studied 
by  A.  K.  Babko  and  A.  T,  Filipenko  [4]. 
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Color  of  the  solutions 


Layer 

Zn(p-Dtz)j  1 

ZnDZ] 

Zn(o-Dtz)2 

After  treatment 

with  hydrogen  sulfide 

Aqueous 

Colorless 

Colorless 

Colorless 

CCI4 

Red -violet 

Red 

Green 

After  treatment  with  sodium  sulfide 

Aqueous 

Colorless  • 

1 

Colorless* 

Yellow-orange 

CCI4 

Red -violet 

Red 

Colorless 

After  treatment  with  ammonium  sulfide 

Aqueous 

Colorless 

Orange -yellow 

Weak -yellow  or 

colorless 

CCI4 

Red -violet 

Colorless 

Green 

•After  a  short  shaking  period  ( ~  10  sec). 

The  intermediate  position  of  zinc  dithizonate  with  respect  to  the  stability  of  the  zinc  bonds  with  die  acid 
residue  as  compared  with  its  o-  and  p-methyl  derivatives  isconfirmed  by  the  fact  that  dithizone  only  reacts  with 
freshly  precipitated  zinc  sulfide,  while  p-ditolyzone  reacts  with  its  aged  form  as  well,  ando-ditolyzone  does  not 
react  with  either  of  the  ZnS  forms.  A  confirmation  of  the  intermediate  position  of  zinc  dithizonate  in  this  series 
is  also  found  in  the  differences  in  the  reactions  of  the  zinc  compounds  of  dithizone  and  its  methyl  derivatives 
with  sodium  sulfide. 

Thus,  the  zinc  inner -complex  salts  of  p-ditolyzone,  dithizone,  ando-ditolyzone  can  be  arranged  in  the 
following  series  with  respect  to  decreasing  stability  of  the  bond  between  zinc  and  the  acid  residues  in  these 
compounds: 


Zn  (/i-Dtz)2>ZnDz2>Zn  (o-Dtz)2. 

All  these  reactions  could  be  used  for  identification  of  dithizone,  and  o-  and  p-ditolyzone.  However,  the 
most  suitable  reaction  for  this  purpose  would  appear  to  be  the  sharp  difference  in  behavior  of  the  zinc  inner- 
complex  salts  of  these  compounds  toward  an  ammonium  sulfide  solution. 

For  this  purpose  10"^  M  solutions  of  dithizone,  and  o-  and  p-ditolyzone  in  carbon  tetrachloride  are  first 
shaken  in  a  separating  funnel  with  an  aqueous  solution  of  zinc  acetate  in  order  to  obioin  the  zinc  complex  com¬ 
pounds.  After  removal  of  the  aqueous  layer,  an  equal  volume  of  0.1  M  ammonium  sulfide  is  added  to  the  carbon 
tetrachloride  layer  contained  in  a  test  tube. 

A  change  in  the  red  color  of  the  carbon  tetrachloride  to  green  indicates  the  presence  of  o-ditolyzone,  while 
decolorization  of  the  organic  layer  with  simultaneous  orange -red  coloration  of  the  aqueous  layer  indicates  the 
presence  of  dithizone,  and  the  absence  of  any  effect  indicates  the  presence  of  p-ditolyzone. 

SUMMARY 

The  zinc  inner-complex  salts  of  dithizone,  o-and  p-  ditolyldithiocarbazone  can  be  arranged  in  the  follow¬ 
ing  series  in  order  of  the  stability  of  the  bond  between  zinc  and  the  acid -residues  in  these  complexes: 

Zn(n-Dtz)2>ZnDz-.>Zn  (o-Dtz)2. 


A  method  is  suggested  for  identifying  dithizone  and  o-  and  p-ditolyldithiocarbazone  which  is  based  on 
differences  in  the  behavior  of  their  zinc  complexes  toward  ammonium  sulfide.  c- 
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The  essence  of  the  method  which  we  should  like  to  suggest,  and  which  was  developed  on  the  basis  of  work 
published  by  us  earlier  on  the  analysis  of  fluoroorganic  compounds  [1-3],  consists  in  determining  carbon  and 
hydrogen  by  pyrolytic  combustion  of  an  aliquot  in  a  layer  of  magnesium  oxide,  absorption  of  fluorine  at  the 
moment  of  decomposition  in  the  form  of  magnesium  fluoride,  hydrolytic  decomposition  of  the  latter  by  super¬ 
heated  steam  at  a  high  temperature,  and  titration  of  the  fluoride  ion  obtained. 

The  capacity  of  halides  to  hydrolyze  has  been  used  several  times  in  inorganic  chemistry,  for  technological 
purposes  [4-8],  and  thermodynamic  studies  [9-16].  The  effect  of  steam  at  high  temperature  in  an  oxidation 
atmosphere  is  also  regarded  as  a  most  efficient  method  for  the  quantitative  decomposition  of  thermostable  fluo¬ 
rides  in  the  elemental  analysis  of  fluoroorganic  compounds,  and  has  found  wide  application  [17-21]  It  should 
be  pointed  out,  however,  that  the  introduction  of  water  into  the  combustion  sphere  of  the  material  restricts  the 
analyst  to  the  determination  of  carbon  alone,  and  special  methods  are  necessary  to  establish  the  amount  of 
hydrogen  [22-25].  Attempts  have  been  made  in  organic  analysis  to  determine  fluorine  directly  by  decomposi¬ 
tion  of  the  organic  fluorides  in  a  stream  of  superheated  steam  and  to  liberate  fluorine  as  HP  [26].  Such  a  tech¬ 
nique  has,  however,  been  found  to  be  applicable  only  to  solid,  nonvolatile  fluorides,  and,  in  view  of  numerous 
limitations  and  low  accuracy  [27],  has  not  been  developed  further.  Recently,  high  temperature  hydrolysis  or 
so-called  "pyrohydrolysis*  has  been  used  in  Inorganic  analysis  for  the  determination  of  fluorine  in  heavy  metals 
and  their  fluorides  [28-33]. 

There  are  no  clear  indications  in  the  literature  as  to  the  possibility  of  quantitative  pyrohydrolysis  of 
magnesium  fluoride,  which  in  its  properties  occupies  an  intermediate  position  between  the  heavy  metal  fluorides, 
which  are  readily  broken  down  by  steam,  and  the  fluorides  of  the  alkali  and  alkaline  earth  metals,  which  are 
difficult  to  hydrolyze  and  which  demand  the  use  of  special  catalysts  to  make  the  process  quantitative.  Domange 
[11]  did  not  get  reproducible  results  during  the  pyrohydrolysis  of  MgF2,  and  was  of  the  opinion  that  the  reason  for 
this  is  the  sintering  of  MgO  particles  and  the  difficult  accessibility  of  the  material  to  the  steam.  Warf  [28]  on 
the  basis  of  single  experiments,  classes  magnesium  fluoride  as  a  readily  hydrolyzable  material,  although  his 
results  clearly  show  that  pyrohydrolysis  of  MgF2  was  incomplete,  since  the  fluorine  deficit  corresponds  to  an 
enhanced  magnesium  content,  as  determined  by  Warf  on  the  basis  of  the  MgO  residue.  The  fact  that  pyrohydrol¬ 
ysis  of  MgF2  is  incomplete  was  confirmed  by  experiments  which  we  carried  out  under  conditions  differing  from 
those  described  by  both  Domange  and  Warf.  We  subjected  to  pyrohydrolysis  in  a  platinum  tube,  magnesium 
fluoride  distributed  in  granules  of  magnesium  oxide,  in  a  layer  of  which  combustion  of  a  fluoroorganic  compound 
had  been  carried  out  beforehand.  During  these  experiments  the  same  portion  of  magnesium  oxide  was  used  several 
times,  and  was  placed  in  turn  during  the  analysis  in  the  combustion  tube  where  the  fluorine  was  absorbed,  and  in 
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TABLE  1 


No.  of 

F 

Loss  of  F 

Preparation 

combus¬ 

tions 

found, 

% 

% 

mg 

Magnesium  oxide ,  \  | 

1— .I 

.37.00* 

4.0.3 

0,283 

analytical  grade  j 

/j 

41,83 

0,21 

0,012 

GOST  4526-48  \ 

KaTbaum  ) 

1-4 

40,68* 

1,36 

0,004 

41 .86 

0.18 

0,013 

•Mean  value. 


TABLE  2 


I  Halogen  (Cl,  Br,  and  I).  %  | 

Length  of 

Test  material  • 

a 

(U 

QO 

o 

ol 

X 

calc. 

found  on 
the  silver 
alter  com- 
Ibustion, 
'MgO  layer 

adsorbed 

by  the 
magne¬ 
sium 
oxide  •  • 

the  MgO 

layer, 

cm 

Hexachloroe  thane 
CzClg 

Bromobenzoic  acid 

Bls-iodomethyltetramethyl 

disiloxane 


Cl 

80,86 

3,13 

86,73 

8 

3,79 

86,07 

8 

— 

89,86 

14 

Br 

30,7.3 

22,07 

17,68 

8 

17,54 

22,21 

8 

2,64 

37,11 

14 

5,53 

34,22 

14 

1 

61,20 

55,48 

5,81 

8 

57,79 

3,50 

8 

•All  the  experiments  were  carried  out  on  aliquots  of  4-8.. S  mg. 
•  •Calculated by  difference. 


the  tube  used  for  pyrohydrolysis  where  it  was  liberated  as  HF.  The  fluorine  content  was  about  0,25<7oof  the  weight 
of  magnesium  oxide  taken.  The  first  experiments  with  a  new  (free  from  fluorine)  magnesium  oxide  preparation 
always  gave  low  results  for  fluorine  in  the  condensate  after  pyrohydrolysis,  but,  after  four  to  five  cycles  of  com¬ 
bustion  and  pyrohyd  roly  tic  treatment,  carried  out  with  the  same  preparation  of  MgO,  we  started  to  get  correct 
results  for  fluorine  (Table  1),  and  subsequently,  the  preparation  could  be  used  with  good  results  for  an  indefinitely 
long  time.  Thus,  it  was  established  that  it  should  be  possible  to  pyrohydrolyze  magnesium  fluoride  quantitatively 
in  a  layer  of  magnesium  oxide  layer  after  appropriate  treatment  of  the  latter.  In  order  to  establish  the  correct¬ 
ness  of  Domange*s  suggestion,  we  carried  out  a  combustion  of  a  fluoroorganic  compound  with  a  new  portion  of 
magnesium  oxide,  pyrohydrolyzed  the  MgO  granules  after  using  it  once,  and  then  ground  it  up  in  an  agate  mortar 
and  treated  it  repeatedly  with  steam  under  the  same  conditions.  The  amount  of  fluorine  which  was  additionally 
liberated  from  the  ground  magnesium  oxide  amounted  to  about  of  the  fluorine,  i.e.,  approximately  one  tenth 
of  the  total  loss  of  fluorine.  On  pyrohydrolyzing  ground-up  preparations  which  had  been  used  earlier  in  granular 
form,  negligible  amounts  of  fluorine  were  again  liberated.  Obviously  the  sintering  of  MgO  particles  on  the  surface 
of  the  granules  bears  only  an  insignificant  share  of  the  blame  for  the  incomplete  pyrohydrolysis  of  magnesium 
fluoride  when  new  portions  of  magnesium  oxide  are  used. 

During  the  analysis  of  organic  compounds  containing  several  elements,  magnesium  oxide,  in  addition  to 
absorbing  fluorine,  also  absorbs  other  elements  whose  behavior  during  pyrohydrolysis  differs.  Phosphorus,  silicon, 
and  boron  do  not  give  volatile  hydrolysis  products.  Sulfur,  which  is  quantitatively  absorbed  by  magnesium  oxide, 
only  partially  passes  into  the  condensate  as  sulfate  and  does  not  interfere  with  fluorine  determination.  Thus, 
during  the  analysis  of  8  .8*- difluorodiethylmethylthionphosphinate,  of  the  1.8  mg  of  sulfur  present  in  the  aliquot 
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TABLE  3 


Test  material 


c.  % 


found 


Idiffer-I 

ence 


H.  % 


found 


0  ,0  '-Difluorodiethylmethylthion- 
pnosphinate  05111172^^^ 

Calculated  C  29,42%; 

H  5,43%; 

F  18,62% 

Tri  -( meta  -nitrqphenyllpxonium 
borofluoride 

Calculated  C  46,08%; 

H  2,58%; 

F  16,20% 

Anilide  of  a-hydroperfluproisobutyric 
acid  +  diethylsilanediol 
CioHtFbNO  -|-  C4H)2Si02 

1)  C  41,85%;  H  6.80%; 

F18,48% 

2)  C  42.12%;  H  6,32%; 

F21.04% 

1 , 1  -Dibromo  -2,3,3  -trifluorochloro  - 
3-bromopropane 
QHBrsClFs 

Calculated  C  9,76%; 

H  0,27%; 

F  15,44% 

The  hydrate  of  the  ethylamide  ofa,y,  y 
trifluoro-y  -chloroacetoacetic  acid 
CgHjCIFaNO., 

Calculated  C  30,59%; 

H  3.85%; 

F  24,19% 


29,43 

29,35 


46.06 

46,19 


41, 9!; 
42,19 


9,65 

9,7.5 


30,. 59 
.30,46 


0.01 

—0.07 


—0,02 

+0,11 


+0.07 

0,07 


-0,18 

-0.01 


-0,13 


5,41 

5,41 


2.56 

2.66 


6,72 

6.35 


0,25 

0..34 


3,80 

3.73 


differ¬ 

ence 


-0.02 

0.02 


0.02 

-0.08 


-0,08 

-1-0.03 


-0.02 

-0,07 


-0,05 

-0.12 


F.  % 


found  difference 


18,. 52 
18,45 


,74 

.74 


18,32 

21.26 


15.42 

15.22 


23.97 

24.11 


0.10 

■  0.17 


-0,46 

-0.46 


-I  0.16 

+  0.22 


-0,02 

-0.22 


-0.22 

-0.08 


Note:  All  the  analyses  were  carried  out  with  aliquots  of  4-9  mg;  the  length  of  the 
magnesium  oxide  layer  was  8  cm. 


only  0.658  mg  was  found  in  the  hydrolyzate  (by  difference  between  the  results  of  acidimetric  and  thorimetric 
[34]  titration).  The  extent  to  which  chlorine,  bromine,  and  iodine  are  absorbed  by  magnesium  oxide  decreases 
with  increasing  atomic  weight  of  the  halogen.  We  used  the  method  of  determining  halogen  in  a  case  [3.5],  in 
order  to  establish  what  are  the  amounts  of  the  various  halogens  that  pass  into  the  silver  after  combustion  of  several 
materials  in  a  magnesium  oxide  layer  (Table  2).  In  view  of  the  manifest  absorption  of  appreciable  amounts  of 
chlorine  and  bromine  by  magnesium  oxide,  we  checked  on  the  possibility  of  determining  carbon  and  hydrogen 
in  halogen  derivatives  without  using  a  platinum  catalyst,  and  obtained  satisfactory  results  (Table  3).  Obviously, 
the  presence  of  small  amounts  of  halogen  in  the  gaseous  products  of  pyrolytic  combustion  issuing  from  the  tube 
containing  MgO  does  not  exhibit  an  inhibiting  action  on  the  oxidation  of  CO  to  CO2  [36]  in  the  oxidizing  zone 
of  the  combustion  tube. 

At  the  same  time  it  was  shown  that  magnesium  chloride  can  be  quantitatively  pyrohydrolyzed.  and  deter¬ 
mined  together  with  fluoride  by  titrating  an  aliquot  of  the  hydrolyzate  (Table  4). 

Examples  of  simultaneous  determination  of  F,  C,  and  H  in  various  fluoroorganic  compounds  are  given  in 
Table  3. 

In  the  method  suggested  it  was  found  expedient  to  combine  the  usual  methods  of  elemental  analysis,  i.e., 
combustion  in  a  quartz  tube,  with  the  possibility  of  a  further  quantitative  liberation  of  fluorine.  For  this  purpose 
it  was  important  to  make  a  correct  evaluation  of  the  loss  of  fluorine  arising  from  its  interaction  with  quartz  at 
a  high  temperature.  This  interaction  has  not  been  examined  under  the  conditions  used  for  elemental  analysis 
of  fluorides,  and  there  is  no  unanimous  opinion  on  this  question.  While  one  analyst  thinks  that  heating  a  fluoride 
in  a  quartz  tube  forms  not  only  hydrogen  fluoride  and  silicon  tetrafliioride,  but  entrains  a  certain  amount  of 
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TABLE  4 


c, 

% 

H.  %  1 

Cl,  ' 

% 

F, 

% 

Test  material  1 

Found 

liffer- , 
ence 

found  ^ 

i 

liffer-^ 
jnce  1 

found  ' 

differ- j 
ence 

found  1 

differ¬ 

ence 

Monohydromonochloroper - 
fluoroethylene 

20,33 

+0,02 

0,29 

—0,14 

14,94 

—0,05 

64,12 

i 

—0,13 

C4HCIF8 

Calci  C  20,31%; 

H  0,43%; 

Cl  14,99%; 

F  64,27% 

20,51 

+0,20 

0,46 

+0,03 

15,26 

+0,27 

63,94 

-0,33 

a-Difluorochloro-B  -dichloro- 

12,94 

+0,12 

0,04 

+0,04 

56,78 

+0,03 

30,35 

—0,07 

fluoroethylene  C2CI3F3 

Calc.  C  12,82%; 

Cl  56,75%; 

F  30,42% 

12,73 

—0,09 

0,05 

+0,05 

56,50 

—0,25 

30,30 

-0,12 

Note;  All  the  analyses  were  carried  out  with  aliquots  of  fr-n  mg;  the  length  of  the 
magnesium  oxide  layer  was  8  cm. 


TABLE  5 


Fluorine  found  by  pyrohydrolyticlreatment,  ojo 

Total, 

% 

Calc. 

% 

Differ¬ 

ence, 

quartz  tube 
fragment 

broken 
lumps  of 
quartz 

broken 
quartz 
etched  with 
alkali 

magne¬ 
sium  ox¬ 
ide  from 
the  case 

magne¬ 
sium  ox¬ 
ide  from 
test  tube 

0,65* 

51,67 

52,32 

52,39 

—0,07 

0,41** 

— 

— 

41,40 

— 

41,81 

42,04 

—0,23 

2,16** 

3,50 

— 

36,15 

— 

41,81 

42,04 

—0,23 

2,00** 

5,60 

— 

34,14 

— 

41,74 

42,04 

—0,30 

1,89* 

— 

11,39 

38,72 

— 

52,40 

52,39 

+0,01 

0,59* 

— 

18,46 

23,40 

— 

42,45 

42,04 

+0,41 

— 

— 

— 

— 

52,63 

52,63 

52,39 

+0,24 

— 

— 

— 

— 

52,51 

52,51 

52,39 

+0,12 

•  Combustion  of  the  amide  of  a-hydroperfluoropropionic  acid. 

•  •Combustion  of  the  anilide  of  a-hydroperfluoroisobutyric  acid. 

the  fluorine  by  quartz  in  the  form  of  nonvolatile  compounds  [37-39],  others  have  not  observed  this  phenomenon 
[26,  40].  Our  earlier  attempts  at  determining  C,  H,  and  F,  by  absorbing  the  latter  inside  the  combustion  tube, 
led  us  to  the  conclusion  that  it  is  impossible  to  liberate  the  fluorine  completely  from  the  quartz  combustion 
apparatus  in  a  stream  of  oxygen.  We  demonstrated  the  presence  of  fluorine  in  the  apparatus  by  means  of  the 
following  experiments.  In  an  empty  combustion  tube  was  placed  a  quartz  case  filled  in  its  narrow  part  with 
magnesium  oxide  granules,  a  test  tube  9  cm  long  containing  an  aliquot  of  fluoride  was  then  fitted  into  the  case, 
so  that  the  edge  of  the  test  tube  touched  the  MgO  in  the  case.  When  combustion  was  complete  the  test  tube  was 
broken  up  and  the  lumps  of  quartz  subjected  to  pyrohydrolysis.  The  magnesium  oxide  was  pyrohydrolyzed  separ¬ 
ately.  2)  The  experiment  was  repeated  with  a  layer  8  cm  long  of  broken  quartz  1-2  mm  in  size  in  the  test  tube. 
The  broken  bits  of  the  test  tube,  the  quartz  lumps,  and  the  MgO  from  the  case  were  pyrohydrolyzed  separately. 

3)  The  same  experiments  were  repeated  using  broken  quartz  etched  beforehand  with  alkali  and  then  washed  with 
acid  and  water.  4)  The  test  material  was  ignited  in  a  tube  filled  with  magnesium  oxide;  after  combustion  the 
MgO  was  strewn  into  the  tube  used  for  pyrohydrolysis,  while  the  test  tube  was  broken  up  and  the  fragments 
pyrohydrolyzed  separately.  As  is  evident  from  the  results  given  in  Table  5,  it  was  established  experimentally 
in  the  course  of  these  experiments  that  fluorine  is  absorbed  by  quartz  during  pyrolytic  combustion  of  fluoroorganic 


256 


compounds,  and  that  there  exists  a  relation  between  the  amount  of  fluorine  absorbed  and  the  magnitude  of  the 
quartz  surface.  It  was  established  at  the  same  time  that  during  combustion  of  a  fluoride  In  a  test  tube  filled 
with  magnesium  oxide,  that  fluorine  Is  not  absorbed  on  the  quartz  walls  of  the  test  tube,  and  that  the  traces  of 
magnesium  oxide  remaining  on  the  test  tube  walls  after  strewing  the  MgO  do  not  contain  appreciable  amounts 
of  fluorine;  consequently,  strewing  the  MgO  granules,  after  combustion  of  the  fluoroorganlc  compound,  from 
the  test  tube  Into  the  tube  used  for  pyrohydrolysls,  cannot  be  a  source  of  error  during  fluorine  determination. 

The  observations  described  above  have  been  used  for  developing  a  method  for  the  simultaneous  determin¬ 
ation  of  fluorine,  carbon,  and  hydrogen. 


SUMMA  RY 

It  has  been  established  that  fluorine  absorbed  by  magnesium  oxide  during  combustion  of  fluoroorganlc 
compounds  can  be  quantitatively  liberated  by  pyrohydrolysis,  and  can  be  determined  by  titration. 

It  has  been  established  that  during  combustion  of  fluoroorganlc  compounds  in  the  absence  of  magnesium 
oxide,  the  fluorine  is  absorbed  by  quartz  in  amounts  which  are  proportional  to  the  surface  area  of  the  quartz, 
and  can  be  liberated  by  pyrohydrolysis. 

It  has  been  shown  that  it  is  possible  to  carry  out  a  simultaneous  microdetermination  of  carbon,  hydrogen, 
and  fluorine  in  various  heteroorganic  compounds;  nitrogen,  phosphorus,  silicon,  boron,  sulfur,  chlorine,  and 
bromine  do  not  interfere  with  fluorine  determination. 
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Original  article  submitted  March  21,  1959 


The  few  methods  used  for  the  selective  determination  of  tertiary  alcohols  in  mixtures  with  secondary  and 
primary  alcohols  are  based  on  the  considerably  easier  dehydration  of  the  tertiary  alcohols  in  the  presence  of 
catalysts  (zinc  chloride,  iodine,  p-toluene  sulfonic  acid,  ascanite,  etc).  These  methods  have  been  developed 
in  the  main  for  tertiary  terpene  alcohols  used  in  the  perfumery  industry  (linalool,  terpineol).  The  amount  of 
water  liberated  during  dehydration  is  determined  either  by  measuring  its  volume  after  distillation  with  aromatic 
hydrocarbons  in  a  standard  Dean  and  Stark  apparatus  [1,  2],  or  by  titrating  with  Fischer  reagent  [3].  Methods 
based  on  dehydration  take  a  considerable  time,  are  unsuitable  for  the  analysis  of  mixtures  with  appreciable  water 
contents,  and  are  not  accurate  enough.  The  Denige  reaction  has  been  recommended  for  the  determination  of 
tertiary  butanol  [4,  5]. 

We  should  like  to  suggest  for  the  selective  determination  of  tertiary  butanol  its  conversion  into  tertiary 
butyl  chloride  by  the  action  of  hydrochloric  acid.  It  is  known  that  the  rate  of  interaction  of  tertiary  alcohols 
with  the  hydrogen  halides  ROH  +  HX  =  RX  +  H2O  is  some  orders  higher  than  the  reaction  rate  of  the  secondary 
and  primary  alcohols  with  them. 

Tertiary  alcohols  react  so  rapidly  with  concentrated  hydrochloric  acid,  that  at  room  temperature  a  layer 
of  the  tertiary  alkyl  chloride  separates  out  as  a  layer  from  the  hydrochloric  acid  solution  in  a  matter  of  minutes. 
Under  the  same  conditions  jximary  and  secondary  alcohols  do  not  react  appreciably,  and  prolonged  heating  is 
necessary  to  convert  them  into  the  chlorides.  This  reaction  is  used  for  detecting  tertiary  alcohols  [6,  7],  but  the 
possibility  of  using  it  for  quantitative  analysis  has  not  been  studied  at  all.  The  main  difficulty  in  this  connection 
is  the  determination  of  small  amounts  of  liquid  tertiary  chlorides  in  heterogeneous  mixtures  with  excess  hydrochlo¬ 
ric  acid.  However,  the  problem  of  determining  the  components  of  liquid  heterogeneous  systems  can  be  success¬ 
fully  solved  in  many  instances  by  the  unique  technique  of  refractometric  analysis, which  has  hardly  been  used 
hitherto.  Essentially  die  method  reduces  to  the  fact  that  for  the  determination  of  the  amount  of  one  of  the 
coexisting  liquid  phases  in  a  heterogeneous  system,  it  is  sufficient  to  add  an  exact  amount  of  a  liquid  which  is 
miscible  with  the  phase  to  be  determined  and  is  completely  insoluble  in  the  other  phase,  and  then  measure  the 
refractive  index  of  the  mixture  formed.  The  amount  of  one  of  the  components  of  the  binary  mixture  obtained 
can  be  determined  by  means  of  a  curve  relating  the  refractive  index  of  the  mixture  to  the  ratio  of  the  amounts 
(concentrations)  of  the  ctxnponents  K  =  P2/P1.  In  these  coordinates  the  curve  approximates  very  closely  to  a 
hyperbola  starting  at  the  ordinate  axis  at  a  point  corresponding  to  the  refractive  index  of  the  liquid  added  n^,  and 
dien  approaches  the  refractive  index  of  the  phase  to  be  determined  n2  (see  diagram). 

In  order  to  ensure  a  sufficiently  high  accuracy,  the  liquid  to  be  added  must  be  chosen  with  care,  it  should 
differ  strongly  in  its  refractive  index  from  the  test  liquid  and  be  similar  to  it  in  volatility,  since  no  change  in 
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composition  should  occur  during  transference  of  a  sample 
to  the  refractometer.  For  the  determination  of  tertiary 
butyl  chloride  (b.p.  51*,  n^®p  1.3852),  benzene  satisfies 
these  conditions  most  closely  (b.p.  80®,  n*°£)  1 .5012). 

Thus,  in  order  to  determine  the  amount  of  the 
tertiary  chloride  which  separates  out  as  a  layer  from 
the  hydrochloric  acid  solution  of  the  alcohols,  it  is  suf¬ 
ficient  to  add  an  aliquot  of  benzene  P  to  the  hetero¬ 
geneous  mixture  of  the  chloride  and  the  hydrochloric 
acid  solution,  mix  (shake)  the  whole  and  then  measure 
the  refractive  index  of  the  upper  (chloride -benzene)  layer. 
In  order  to  simplify  calculation  it  is  best  to  plot  on  the 
working  curve,  not  the  ratio  Px/Pi  but  the  direct  ratios 
of  the  amounts  of  the  tertiary  alcohol  being  determined 
and  the  benzene  added  K  =  P^^^^  alcohol'^  Then,  having 
read  off  the  value  K  corresponding  to  the  measured  refrac¬ 
tive  index  of  the  benzene  layer  when  an  aliquot  P  of  benzene  had  been  added  and  an  aliquot  A  of  the  test  ma¬ 
terial  had  been  taken,  the  content  of  the  tertiary  alcohol  in  percent  C  can  be  found  by  means  of  the  formula 
C  =  100  K  P/A. 

In  order  to  completely  exclude  possible  errors  which  may  arise  because  of  incomplete  conversion  of  the 
tertiary  alcohol  into  the  chloride  under  the  experimental  conditions  used,  it  is  better  to  use  the  curve  obtained 
in  experiments  with  the  pure  tertiary  alcohol  or  solutions  of  it  of  known  concentration,  rather  than  the  refractive 
index  curve  obtained  with  mixtures  of  the  tertiary  chloride  and  benzene. 

An  experimental  check  completely  confirmed  the  applicability  of  the  principle  of  refractometric  analysis 
set  forth  above  to  the  selective  determination  of  tertiary  butanol.  The  technique  described  in  the  experimental 
part  was  checked  on  mixtures  containing  from  5  to  80*70  of  tertiary  butanol  in  the  presence  of  appreciable  amounts 
of  other  alcohols  and  water.  As  is  evident  from  the  results  given  in  Table  1,  the  experimental  accuracy  of  the 
determination  of  tertiary  butanol  by  the  method  suggested  amounts  to  0.2-0.4*70  00  an  average,  even  in  the 
presence  of  16  times  its  amount  of  primary  and  secondary  alcohols.  Using  this  technique  only  a  few  decigrams 
of  a  mixture  is  necessary  and  a  determination  takes  about  20  minutes. 


The  relation  between  the  refractive  index  of 
binary  mixtures  and  the  ratio  of  the  amounts 
of  the  components  (Pj  and  P]  are  the  amounts 
of  the  components,  nj  and  O]  are  the  refractive 
indices). 


TABLE  1 

Determination  of  Tertiary  Butanol  in  the  Presence  of  Primary  and  Secondary  Butanol 


Components  of  the  mixture  (apart  from 
tertiary  butanol)  and  the  ratio  of  their 
concentrations 

Tertiary  butanol 
%  wt. 

Absolute 

exptl. 

error, 

1o 

taken  j 

found 

Secondary  butanol,  n -butanol  (1  :3) 

25,2 

25,2 

0,0 

Secondary  butanol,  water  (1  :  2) 

18,5 

18,4 

-0,1 

Secondary  butanol,  isobutanol  (1  ;  1) 

.58,7 

.58,7 

0.0 

Isobutanol,  methanol  (2  :  3) 

35,7 

35,3 

-0.4 

Secondary  butanol,  propanol  (1:1) 

41,2 

41.4 

•fO.2 

Secondary  butanol,  isobutanol,  n-butanol 
(5:4:  .5) 

33,3 

.32,7 

—0.0 

Secondary  butanol 

Isobutanol 

.58,5 

.57,8 

—0.7 

.58,8 

.50,7 

+  0,9 

Secondary  butanol,  methanol  (2  :  5) 

48.4 

28,5 

+0.1 

Secondary  butanol ,  isobutanol,  n-butanol 
(2  ;  1  :1) 

t8,8 

10,1 

-1  0.3 

Secondary  butanol,  isobutanol,  n-butanol,  water 

(8  :  4  :  4  :  3) 

5.0 

5,3 

-1-0, 

Secondary  butanol,  isobutanol,  n-butanol 
(2:1  :^1) 

7*.>,.5 

78  () 

— 0.9 

Secondary  butanol 

77,(5 

78.0 

-i-o!4 
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TABLE  2 


Results  used  for  Constructing  the  Curve  Relating  the  Calculating 
Coefficient  K  to  the  Refractive  Index  of  the  Benzene  Layer 


Ratio  of  the 
aliquot  of 
tertiary 
butanol  to 
benzene,  K 

Refractive 
index  of  the 
benzene  layer, 
n  20 

"d 

Ratio  of  the 
aliquot  of 
tertiary 
butanol  to 

benzene,  K 

Refractive 
index  of  the 
benzene  layer, 

n  20 

0 

1,5012 

0,604 

1,4522 

0,0735 

1,4911 

0,640 

1,4500 

0,1385 

1,4840 

i  0.762 

1,44.52 

0,228 

1,4750 

0.ai6 

1,4420 

0,287 

1,4713 

1,036 

1,4360 

0.440 

1,4606 

1,223 

1,4324 

EXPERIMENTAL 


Development  of  an  experimental  technique  reduced  to  establishing  the  conditions  which  will  ensure 
quantitative  conversion  of  tertiary  butanol  into  the  chloride,  and  under  which  the  isomers  do  not  react  with 
hydrochloric  acid,  and  are  not  extracted  by  benzene  from  the  aqueous  layer. 

Preliminary  experiments  were  carried  out  with  50%  solutions  of  pure  preparations  of  all  four  isomeric 
butanols  in  cryoscopic  benzene.  0.5-1  ml  samples  were  measured  out  with  a  micropipet  into  test  tubes  with 
ground-glass  stoppers,  the  samples  were  then  mixed  with  concentrated  hydrochloric  acid  and  vigorously  shaken; 
the  refractive  index  of  the  benzene  layer  was  then  determined.  The  volume  of  hydrochloric  acid  was  varied 
from  3  to  10  ml,  while  the  time  for  which  the  shaking  was  carried  out  was  varied  from  3  to  12  minutes.  The 
refractive  index  of  the  benzene  layer  served  as  a  criterion  that  the  formation  of  the  chlorides  had  gone  to  com¬ 
pletion,  and  that  the  extraction  of  the  alcohols  was  complete;  under  the  optimum  conditions,  the  refractive 
index  of  the  benzene  layer  in  experiments  with  tertiary  butanol  should  be  a  minimum,  while  in  experiments  with 
its  isomers,  on  the  other  hand,  it  should  be  a  maximum  and  should  be  as  close  as  possible  to  the  refractive  index 
of  pure  benzene. 


These  preliminary  experiments  showed  that  concentrated  hydrochloric  acid, although  it  does  not  react  with 
the  secondary  and  primary  alcohols  under  the  conditions  indicated,  does  not  extract  them  completely  from  the 
benzene  layer  (n*®  of  the  upper  layer  was  10-15  x  10"^  less  than  for  pure  benzene,  and  only  on  repeated  treat¬ 
ment  with  the  acid  did  the  refractive  index  agree  with  that  of  benzene).  Since  it  had  been  established  previously 
that  under  analogous  conditions  the  alcohols  are  quantitatively  extracted  from  a  benzene  solution  by  80%  sulfuric 
acid  [8],  mixtures  of  hydrochloric  acid  containing  varying  amounts  of  concentrated  sulfuric  acid  were  tested  to 
get  complete  extraction  of  the  unreacted  primary  and  secondary  alcohols.  Optirriiim  results  were  given  when  a 
mixture  of  two  volumes  of  concentrated  hydrochloric  acid  and  one  volume  of  80%  H2SO4  was  used,  and  the  time 
for  which  the  shaking  was  carried  out  was  5  minutes.  Under  these  conditions  almost  complete  conversion  of 
tertiary  butanol  to  the  chloride  was  achieved,  with  negligible  conversion  of  the  primary  and  secondary  alcohols, 
and  complete  extraction  of  the  latter  from  the  benzene  layer. 


Treatment  of  50%  benzene  solutions  of  a  number  of  simple  organic  oxygen -containing  compounds  with  the 
acid  mixture  indicated  showed  that  methanol,  ethanol,  and  propanol,  and  also  acetic  acid,  do  not  interfere  with 
the  determination  of  tertiary  butanol.  Small  amounts  (of  the  order  of  10%)  of  acetone,  methyl  ethyl  ketone, 
normal  and  isoamyl  alcohols  can  also  be  tolerated.  However,  butyraldehyde,  butyric  acid  and  its  esters  are  not 
completely  extracted  from  the  benzene  solutions,  so  that  in  their  presence  high  results  will  be  obtained  for 
tertiary  butanol.  Hydrocarbons  and  halogen  derivatives,  which  are  not  soluble  in  the  recommended  H2SO4-HCI 
acid  mixture  should  be  absent  in  die  test  samples. 

Experimental  Procedure.  Into  a  test  tube  fitted  with  a  close  fitting  ground-glass  stopper,  and  which  had 
been  weighed  on  an  analytical  balance,  was  introduced  an  aliquot  of  test  sample  (0.2-0. 5  g)  and  an  aliquot  of 
benzene  (0.2 -0.4  g);  both  sample  and  benzene  were  weighed  accurately.  During  introduction  of  sample  and 
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benzene  care  should  be  taken  to  see  that  the  stopper  remains  dry.  5  ml  of  a  mixture  of  hydrochloric  acid 
and  80<yo  sulfuric  acid  (2  ;  1)  •  was  then  introduced,  the  stopper  of  the  test  tube  was  moistened  with  the  mixture, 
the  test  tube  was  securely  stoppered  and  then  vigorously  shaken  for  five  minutes.  After  standing  for  a  short  time, 
a  few  drops  of  the  upper  layer  were  accurately  withdrawn  by  means  of  a  pipet  fitted  with  a  rubber  cap  and 
rapidly  transferred  to  an  Abbe-type  refractometer.  •  • 

Using  the  refractive  index— coefficient  K  (schematically  shown  in  the  diagram)  curve,  the  value  of  K 
corresponding  to  the  refractive  index  measured  is  determined,  and  the  tertiary  butanol  content  calculated  by 
means  of  the  formula  given  above. 

The  working  curve  was  constructed  by  treating  several  aliquots  of  benzene  and  tertiary  butanol  (or  its 
concentrated  aqueous  solutions  of  known  composition)  with  ratios  of  K  up  to  1.1  with  the  sulfuric— hydrochloric 
acid  mixture  under  the  conditions  indicated  above.  Table  2  contains  the  experimental  results  obtained  with 
tertiary  butanol  having  a  melting  point  of  24.8*,  and  used  for  constructing  the  working  curve  during  checking 
of  the  method. 

Results  obtained  on  checking  the  method  on  complex  mixtures  of  alcohol  and  water  are  given  in  Table  1. 

SUMMARY 

Tertiary  butanol  can  be  determined  in  the  presence  of  the  primary  and  secondary  alcohols  by  selective 
conversion  of  the  tertiary  alcohol  into  its  chloride,  with  subsequent  measurement  of  the  refractive  index  of  a 
mixture  of  the  tertiary  chloride  and  an  aliquot  of  benzene. 

The  experimental  accuracy  is  i  0. 2-0.4%  (absolute)  on  the  average,  while  a  determination  takes  about 
20  minutes. 
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•To  prepare  the  acid  mixture,  sulfuric  acid  sp.gr.  1.84  was  first  diluted  to  a  concentration  of  80%,  and,  after 
cooling  .twice  its  volume  of  concentrated  hydrochloric  acid  was  added  to  it  carefully  with  stirring  in  a  fume 
cupboard. 

•  •An  IRF-22  refractometer  was  used  in  the  work  described  here.  The  mixture  should  be  transferred  rapidly  onto 
the  refractometer  prism,  and  the  prism  block  closed  immediately,  since  appreciable  evaporation  of  the  tertiary 
chloride  can  lead  to  low  results  for  the  tertiary  butanol  content. 

•  •  •Original  Russian  pagination.  See  C.  B.  Translation. 
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Original  article  submitted  March  27,  1959 

Glyoxilic  acid  is  obtained  by  the  electrolytic  reduction  of  oxalic  acid  in  the  presence  of  sulfuric  acid. 

For  its  production  control  a  method  is  necessary  which  would  enable  both  glyoxilic  and  oxalic  acids  to  be  de¬ 
termined  separately.  At  present,  the  method  in  use  at  the  "Red  Star*  (Khar'kov)  plant  for  the  determination 
of  glyoxilic  acid  is  an  iodometric  method,  which  .however,  is  not  selective,*  and,  accordingly,  is  not  fully 
satisfactory  for  production  control.  We  have  developed  a  polarographic  method  for  the  determination  of  glyox¬ 
ilic  acid. 

Glyoxilic  acid  is  reduced  on  a  dropping-mercury  electrode  [1,  2].  In  acid  solutions  (KCl  +  HCl)  Ejyj  for 
glyoxilic  acid  changes  with  pH,  and  at  pH  >4.3  (KCl  +  HCl  +  KOH)  a  second  wave  appears  for  which  Ejyj  = 

=  -1.32  volt  with  respect  to  the  normal  calomel  electrode,  while  the  first  wave  disappears  [2].  Reduction  of 
glyoxilic  acid  has,  however,  not  been  studied  in  detail.  There  is  no  published  information  on  the  possibility  of 
a  quantitative  polarographic  determination  of  glyoxilic  acid. 

Experimental  procedure  and  the  results  obtained.  The  polarographic  work  was  carried  out  with  a  FG  M-8 
polarograph  using  a  dropping-mercury  electrode  (m  =  0.954  mg/sec,  t  =  5.5  sec  at  E  =  0). 

The  glyoxilic  acid  was  removed  from  the  electrolyte  after  electroIysi^  of  oxalic  acid  on  lead  electrodes. 
Separation  of  glyoxilic  acid  from  oxalic  and  sulfuric  acids  was  carried  out  by  the  action  of  excess  CaCOs.  By 
this  treatment  oxalic  and  sulfuric  acids  were  precipitated  as  their  calcium  salts,  while  calcium  glyoxilate  remained 
in  solution.  The  solution  obtained  was  filtered  free  from  the  precipitate  through  a  filter  paper,  and  an  equal  amount 
of  ethanol  was  then  added  to  it.  During  this  stage  of  calcium  glyoxilate  was  precipitated.  This  salt  was  recrystal¬ 
lized  several  times  from  alcohol  and  dissolved  in  water.  The  solution  obtained  was  passed  through  a  column  of 
a  cation  exchange  resin  in  the  H"*^  form.  The  column  height  was  50  cm,  its  diameter  10  mm,  and  the  rate  at 
which  the  solution  issued  out  of  the  column  was  0.3  ml  per  minute. 

As  detailed  studies  showed,  glyoxilic  acid  is  reduced  on  the  dropping-mercury  electrode  forming  polaro¬ 
graphic  waves,  each  of  which  corresponds  to  a  definite  state  of  the  glyoxilic  acid  in  solution  or  to  a  definite 
reduction  mechanism. 

In  Fig.  1  are  shown  polarographic  waves  for  glyoxilic  acid  in  a  buffer  solution  with  a  pH  of  12. 

Changes  in  the  halfwave  potentials  as  a  function  of  the  pH  are  shown  in  Fig.  2.  The  polarographic  wave 
of  glyoxilic  acid  is  kinetic  in  character,  in  connection  with  which  its  wave  height  depends  to  a  considerable 
extent  on  the  temperature.  The  wave  height  changes  by  an  average  of  12.5«7ofor  each  degree  (within  the  tem¬ 
perature  range  18-38"). 

The  nature  of  the  change  in  wave  height  with  pH  is  shown  in  Fig.  3,  from  which  it  is  evident  that  at  high 
glyoxilic  acid  concentrations  polarograms  should  be  taken  at  a  pH  of  4-6,  while  at  low  concentrations  the  polaro- 
grams  should  be  taken  at  pH  11.5-12.5. 


•  Formaldehyde  and  other  aldehydes  may  be  formed  in  addition  to  glyoxilic  acid  during  electrolysis  of  oxalic  acid. 
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The  wave  height  of  glyoxilic  acid  is  proportional 
to  its  concentration  (Fig.  4). 

The  results  obtained  enabled  us  to  use  a  polarographic 
method  for  the  quantitative  determination  of  glyoxilic  acid 
in  solution.  For  this  purpose  ml  of  a  solution  of  gly¬ 
oxilic  acid  with  a  concentration  of  1-2%  placed  in  an 
electrolytic  cell  and  buffer  solution  added  in  such  amount 
that  the  total  volume  of  the  mixture  was  10  ml;  polaro- 
grams  were  taken  after  passing  hydrogen  through  the  solu¬ 
tion  for  5-10  minutes  to  mix  it  and  to  remove  dissolved 
oxygen. 

The  amount  of  glyoxilic  acid  was  determined  by 
means  of  a  calibration  line  constructed  by  taking  polar- 
ograms  of  glyoxilic  acid  solutions  of  known  concentration, 
or  by  the  method  of  additions. 


Fig.  1.  Polarographic  waves  for  glyoxilic 
acid  in  a  supporting  electrolyte  of  a  buffer 
solution  with  a  pH  of  12.  1)  c  =  1.95  mM/ liter; 
2)  c  =  3.9  mM/ liter;  3)  c  =  5.85  mM/ liter. 


Fig.  2.  Relation  between  the  halfwave  poten¬ 
tial  (El /j)  of  glyoxilic  acid  and  pH. 


:  J  4  5  6  7  8  9  10  n  l2fH 
Fig.  3.  Relation  between  the  diffusion  current 
(Id)  of  glyoxilic  acid  and  pH. 


Determination  of  glyoxilic  acid  and  oxalic  acid. 

As  is  evident  from  the  polarograms  shown  in  Figs.  5  and  6, 
addition  of  oxalic  acid  does  not  affect  the  wave  height  of 
glyoxilic  acid;  additions  of  glyoxilic  acid  do  not  affect 
either  E, (“  I  ®  volt  with  respect  to  the  saturated 

calomel  electrode)  or  the  wave  height  of  oxalic  acid. 

This  means  that  is  is  possible  to  determine  glyoxilic  and 
oxalic  acids  in  each  other’s  presence. 

In  order  to  check  on  this  possibility  the  following 
synthetic  mixtures  of  glyoxilic  and  oxalic  acids  (the 
glyoxilic  acid  concentration  was  0.1075  M,  while  the 
oxalic  concentration  was  0.1  M)  were  prepared: 

Glyoxilic  acid  (flfc)  20  40  50  60  80 

Oxalic  acid  (®7p)  80  60  50  40  20 

The  mixtures  were  neutralized  with  0.2  (C2H5)4NOH 
to  a  rose  color  with  respect  to  phenolphthalein,  and  polar¬ 
ograms  were  taken  for  each  mixture,  first  in  a  supporting 
electrolyte  of  a  buffer  solution  with  a  pH  of  12  (determin¬ 
ation  of  glyoxilic  acid),  and  then  in  a  supporting  electro¬ 
lyte  of  1  N  MgClj  (determination  of  oxalic  acid  [3]).  For 
the  determination  of  glyoxilic  acid.  0.5  ml  of  mixture 
(containing  more  than  50<yrof  the  acid)  and  4.5  ml  of 
supporting  electrolyte,  or  1  ml  of  mixture  and  4  ml  of 
supporting  electrolyte  (for  acid  contents  of  FtOof^  and  less 
in  the  mixture)  were  placed  in  the  electrolytic  cell.  The 
galvanometer  of  sensitivity  used  for  taking  the  polarograms 
was  S  =  1  :  50  of  its  maximum  sensitivity.  For  the  deter¬ 
mination  of  oxalic  acid,  0.5  ml  of  supporting  electrolyte 
(1  N  MgClj)  and  0.5  ml  of  mixture  were  placed  in  the 
electrolytic  cell  and  polarograms  taken  at  a  sensitivity  of 
S  =  1  :  100.  On  the  basis  of  the  wave  heights  obtained, 
and  using  the  calibration  curves,  the  concentrations  of  the 
acids  were  determined  after  taking  into  account  the  dilu¬ 
tion  which  occurs  on  neutralization.  The  results  obtained 
are  given  in  the  table. 
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Taken,  g- 

eq/ liter 

Found  by  the  polarograph¬ 
ic  method,  g-eq/ liter 

Relative  error,  % 

oxalic 

acid 

glyoxilic 

oxalic 

acid 

oxalic 

acid 

0,0215 

0.(»800 

0.0200 

0.0790 

—0.9 

-0.8 

0,0430 

0.0(>00 

0.0420 

0.0020 

—4,7 

H-3.3 

0,0.5.37- 

0.05(»0 

0.0505 

0,0520 

—5.9 

+4.0 

0,0645 

0.0400 

0.0014 

0.04.30 

—4,8 

—7,5 

0.0860 

0.0200 

0.08.55 

0.0195 

—0.58 

-^2.5 

Fig.  4  Calibration  lines  for  glyox- 
ilic  acid  in  a  supporting  electrolyte 
of  buffer  solutions.  1)  pH  12,  t  = 

=  17“;  2)  pH  3.95,  t  =  38°. 


Fig.  6.  Polarographic  waves  for  oxalic 
acid  in  a  supporting  electrolyte  of  1  N 
MgCl2,  in  the  presence  of  glyoxilic  acid. 
Oxalic  acid  concentration  c  =  1.46 
mM/liter.  1)  In  the  absence  of  glyoxilic 
acid;  2)  with  the  addition  of  glyoxilic 
acid  (c  =  2.1  mM/liter) 


Fig.  5.  Polarographic  waves  for 
glyoxylic  acid  in  a  supporting  elec¬ 
trolyte  of  a  buffer  solution  with  a 
pH  of  12,  in  the  presence  of  oxalic 
acid.  Glyoxylic  acid  concentration 
c  =  2. 10 mM/liter.  1)  In  the  absence 
of  oxalic  acid;  2)  with  the  addition  of 
oxalic  acid  (c  =  0.70  mM/liter) 

In  two  solutions,  0.350  and  0.175  M  of  glyoxilic 
acid  were  found  by  the  polarographic  method,  and  0.360 
and  0.180  M,  respectively, by  iodometric  methods. 

The  following  procedure  is  recommended  for  the 
analysis  of  production  solutions.  Ten  ml  of  the  produc¬ 
tion  solution,  which  is  a  solution  of  a  mixture  of  sulfuric, 
glyoxilic,  and  oxalic  acids  is  placed  in  a  100  ml  standard 
flask,  neutralized  to  the  rose  color  of  phenolphthalein  with 
tetraalkylammonium  hydroxide,  and  diluted  to  the  mark 
with  water.  An  aliquot  of  the  solution  obtained  is  placed 
in  the  electrolytic  cell  to  which  is  added  1  N  magnesium 
chloride,  and  after  the  mixture  has  been  purged  with  a 
stream  of  hydrogen,  polarograms  are  taken  of  oxalic  acid. 

An  aliquot  of  the  solution  which  has  been  neutralized 


beforehand  is  also  taken  for  determination  of  glyoxilic  acid, 
buffer  solution  with  a  pH  of  about  12  is  added,  and  after  purging  with  hydrogen  and  establishing  the  temperature  at 
the  requisite  level,  polarograms  of  glyoxilic  acid  are  taken.  The  concentrations  of  the  two  acids  are  determined 
by  means  of  the  calibration  curves  or  by  the  method  of  additions. 


SUMMA  RY 


A  polarographlc  method  has  been  developed  for  the  determination  of  glyoxilic  acid  in  its  mixtures  with 
oxalic  acid  in  production  solutions. 
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As  long  ago  as  1898  Plloty  [1]  discovered  that  by  the  action  of  certain  halogenizing  agents,  aliphatic 
oximes  are  converted  into  the  corresponding  gem -halonitroso  compounds  according  to  the  scheme: 

X—Hol  /NO 

RR'C=NOH  — ^^-RRT/ 

Hal 

Plloty  and  other  authors  have  prepared  a  large  number  of  such  halonitroso  compounds,  derivatives  of  both 
ketoximes  and  aldoximes.  Most  of  the  liquid  materials  have  an  intensely  blue  or  blue -green  color;  their  forma¬ 
tion  has  been  used  as  a  qualitative  reaction  for  oximes  [2], 

A  number  of  halogenizing  agents  have  been  suggested  for  the  preparation  of  gem -halonitroso  compounds 
from  oximes,; they  include  nitrosyl  chloride  [3],  hypobromites  and  hypochlorites  [4,  5],  halogenimides  [6,  7],  and 
free  halogens,  but  not  in  one  instance  has  it  been  possible  to  get  stable  yields,  and  this  has  prevented  the  use  of 
this  reaction  for  quantitative  determination  of  oximes.  Thus,  Wichterle  [6]  tried  to  use  chlorourea  for  halogena- 
tlon;  however,  this  method  has  not  been  widely  used  since  the  color  obtained  is  not  stable. 

We  have  found  that  by  treating  with  gaseous  chlorine  at  room  temperature,  in  the  absence  and  the  presence 
of  solvents,  aliphatic  ketoximes  are  quantitatively  converted  into  gem -halonitroso  compounds.  Our  first  test 
material  was  cyclohexanone  oxime  which  is  an  intermediate  in  the  industrial  synthesis  of  caprolactam.  It  was 
found  that  by  the  action  of  chlorine,  cyclohexanone  oxide  is  quantitatively  converted  into  l-chloro-l-nitrosocy- 
clohexane,  first  described  by  Rheinboldt  [8]: 

(_)=NOH  I  Cl, - 

1-Chloro-l-nitrosocyclohexane  is  readily  soluble  in  most  organic  solvents.  We  have  established  that  the  optical 
density  of  its  solutions  conforms  to  Beer’s  law,  while  its  absorption  spectrum  in  the  visible  region  (Fig.  1)  is  char¬ 
acterized  by  an  absorption  maximum  at  650  mp;  this  coincides  with  published  results  [8J. 

The  work  was  carried  out  on  a  standard  SF-4  spectrophotometer  and  on  a  FEK-M  industrial  photocolorimeter 
with  a  KS-14  light  filter  having  maximum  transmission  at  640-750  mp. 

The  reaction  which  was  used  for  preparing  the  gem -chloronitroso  compound  in  our  modification  could  be 
used  for  the  reliable  qualitative  and  quantitative  determination  of  aliphatic  ketoximes  and  some  other  classes 
of  oximes.  Within  the  limits  of  the  completeness  of  the  oxlmatlon  reaction  of  the  ketones,  our  method  could 
also  be  used  for  the  photometric  determination  of  ketones. 
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Fig.  1.  Fig.  2. 

For  series  determination  of  cyclohexanone  oxime  on  a  FEK-M  apparatus,  the  following  technique  can  be 
used:  an  aliquot  of  the  test  material,  containing  0.1 -0.2  g  of  oxime,  is  dissolved  in  50  ml  of  methanol  and  a 
stream  of  technical  chlorine  passed  through  the  solution  for  five  minutes  at  the  rate  of  two  drops  a  second  through 
a  tube  with  a  diameter  of  5  mm.  At  the  same  time  50  ml  of  methanol  is  saturated  with  chlorine  to  serve  as  a 
reference  solvent. 

When  the  test  solution  has  been  saturated  with  chlorine  it  is  transferred  to  a  100  ml  standard  flask  and  the 
volume  made  up  to  the  mark  with  methanol.  A  2  cm  cell  of  the  photocolorimeter  is  filled  with  the  solution;  a 
similar  cell  is  filled  with  the  methanol  saturated  with  chlorine.  The  optical  density  is  determined  using  a 
KS-14  filter.  The  oxime  concentration  of  the  test  solution  is  determined  by  means  of  the  formula: 

^  ^  ’  ^oxime 

k  •  L  •  Mchloronitroso  compound 

where  C  is  the  oxime  concentration  in  g/ liter,  L  is  the  thickness  of  the  absorbing  layer  in  cm,  k  is  the  absorption 
coefficient  in  g/ liter,  and  M  is  the  molecular  weight. 

For  cyclohexanone  oxime  M  =  113.2,  while  for  1-chloro-l-nitroso -cyclohexane  M  =  147.6;  k  in  methanol 
is  0.096.  Substituting  the  values  calculated  we  get 

C  =  7.99  D  (1) 

L 

1-Chloro-l-nitrosocyclohexane  is  prepared  by  passing  a  slow  stream  of  chlorine  through  a  flask,  containing 
10  g  of  cyclohexanone  oxime,  cooled  on  a  water  bath,  until  the  solid  phase  disappears.  Excess  chlorine  does  not 
lead  to  the  formation  of  by-products.  The  blue  liquid  formed  is  distilled  under  vacuum,  the  fraction  distilling  at 
52“/ 12  mm  being  collected.  Yield  12  8  g  (98yr),  dj®  1.1136;  n^  1.4630. 

The  absorption  curve  of  1-chloro-l-nitrosocyclohexane  in  the  ultraviolet  and  the  visible  is  shown  in  Fig.  1. 
Determination  was  carried  out  in  a  SF-4  spectrophotometer  using  a  0  1  M  solution  of  chloronitrosocyclohexane 
in  methanol,  and  a  layer  thickness  of  1  cm  in  the  range  200-300  and  a  0.01  M  solution  in  the  rar^e  500-700 
mp . 

The  absorption  coefficient  was  determined  by  introducing  1  g  of  1-chloro-l-nitrosocyclohexane  into  a 
100  ml  standard  flask  and  diluting  to  the  mark  with  methanol.  Several  solutions  of  varying  concentrations  (see 
Table  1)  were  prepared  from  the  standard  solution  prepared  in  this  way.  Measurements  were  carried  out  on  a 
FEK-M  apparatus  using  a  layer  thickness  of  2.01  cm.  The  concentration  and  the  absorption  coefficient  k  = 

=  D/C  •  L  were  calculated  in  g/ liter.  The  mean  value  of  the  absorption  coefficient  determined  from  more  than 
20  experiments  was  0.096.  The  relation  between  dilution  and  optical  density  is  shown  graphically  in  Fig.  2. 

In  order  to  establish  the  stability  of  1-chloro-l-nitrosocyclohexane  solutions  in  methanol,  the  standard  solu¬ 
tion  was  kept  in  the  dark  for  7  days,  and  then  diluted  and  photometric  measurements  carried  out  The  results 
obtained  are  given  in  Table  1 .  Within  the  limits  of  experimental  error,  the  optical  density  of  the  solutions  did 
not  change  on  standing. 
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TABLE  1 


1  -Chloro-1  -  I  Optical  density _  Extinction 


nitrosocyclohex 
hexane  concentra  - 
tion,  g/liter 

fresh 

solution 

solution  after 

7  days 

coefficient 

2,3114 

0,440 

0,442 

0,095 

1,54(» 

0,290 

0,296 

0,090 

1,15.50 

0,228 

0,228 

0,098 

1,0710 

0,200 

0,2<t5 

0,096 

0,9240 

0,181 

0,181 

0,097 

0,7140 

0,137 

0,137 

0,095 

0,5355 

0,103 

0,102 

0,090 

TABLE  2 


Oxime 
taken , 
g/liter 

Optical 

density, 

D 

Oxime 

found, 

g/liter 

Relative 
error,  % 

1,58 

0,405 

1,61 

-1-1,5 

1,35 

0,346 

1,37 

-M.b 

1,18 

0,301 

1,19 

+1.0 

1,05 

0,269 

1,07 

+1,5 

0,95 

0,238 

0,94 

—0.2 

0,87 

0,218 

0,86 

-0,3 

0,79 

0,195 

0,77 

—2,3 

TABLE  3 

Oxime 

taken, 

g/liter 

Caprolactam 

concentration, 

g/liter 

Optical 

density. 

D 

Oxime 

found, 

g/liter 

Relative 

error, 

% 

1,527 

1,8 

o.:«3 

1,52 

-0,4 

1,311 

1,5 

0,330 

1,31 

-0,4 

1,146 

1,4 

0,287 

1,14 

-0,3 

1,932 

8.2 

0,485 

1,92 

—0,3 

1 ,932 

12,3 

0,484 

1,90 

—1.5 

1,9.32 

16,4 

0,486 

1,91 

—1.1 

Determination  of  Cyclohexanone  Oxime  in  a  Reaction  Mixture  with  Excess  Chlorine.  From  2  to  5  g  of 
cyclohexanone  oxime  was  dissolved  in  50  ml  of  methanol  and  saturated  with  chlorine  for  10  minutes.  In  another 
flask  methanol  was  chlorinated  to  serve  as  a  reference  solvent.  The  reaction  mixture  was  transferred  to  a  100  ml 
standard  flask  and  diluted  with  methanol  to  the  mark.  Several  solutions  of  varying  concentrations  were  prepared 
from  the  solution  obtained.  The  results  of  the  measurements  which  were  carried  out  on  a  FEK-M  photometer  with 
a  KS-14  filter,  and  with  an  absorbing  layer  2.01  cm  thick,  are  given  in  Table  2.  The  values  given  in  column  3  were 
were  calculated  by  means  of  formula  (1). 

Determination  of  Cyclohexanone  Oxime  in  the  Presence  of  Caprolactam.  Several  solutions  containing  a 
mixture  of  cyclohexanone  oxime  and  caprolactam  in  known  concentrations  were  prepared.  Each  of  these  solu¬ 
tions  was  saturated  with  chlorine,  diluted  to  100  ml  methanol,  and  then  photometrically  measured  as  described 
above  (see  Table  3)  The  values  of  the  oxime  concentration  given  in  column  4  were  calculated  by  means  of 
formula  (1).  The  sensitivity  of  the  FEK-M  apparatus  permits  determinations  to  be  carried  out  in  a  2  cm  cell  at 
concentrations  not  less  than  2  x  10”^  g/liter.  Oxime  determination  can  be  carried  out  directly  in  the  reaction 
mixture  after  the  Beckman  rearrangement.  This  fact  opens  up  the  possibility  of  using  this  method  for  the  direct 
control  of  the  industrial  process. 


SUMMARY 


l-Chloro-l-nitrosocyclohexane  is  quantitatively  formed  by  the  action  of  gaseous  chlorine  on  cyclohexanone 
oxime  (in  the  pure  form  or  In  solution).  Solutions  of  1-chloro-l-nitrosocyclohexane  in  methanol  conform  to  Beer’s 
law.  On  the  basis  of  the  observations  made,  a  method  has  been  developed  for  the  photometric  determination  of 
cyclohexanoneoxime  in  its  mixtures  with  caprolactam.  The  accuracy  of  the  method  is  within  the  limits  of  2% 
of  the  oxime  content. 
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In  studies  connected  with  labelled  hydrogen,  it  is  convenient  to  use  the  radioactive  hydrogen  isotope 
tritium.  Considerable  work  has  been  devoted  to  the  determination  of  tritium  by  means  of  a  Gelger-Muller  counter, 
after  conversion  of  the  tritium  to  the  gaseous  state.  However,  in  a  number  of  cases  it  is  desirable  to  determine 
tritium  in  the  form  of  water  vapor,  which  excludes  the  difficult  operation  of  converting  the  tritium  from  water 
into  hydrogen.  The  possibility  of  such  a  determination  of  tritium  has  been  pointed  out  in  the  literature  [1-2]  • 

A  schematic  diagram  of  the  setup  is  shown  in  Fig  1.  The  technique  of  analyzing  water  vapor  permits  de¬ 
termination  of  small  amounts  of  tritium  (0.0002  k/ liter).  Fig.  2  shows  that  on  adding  small  amounts  of  the  vapor 
of  ordinary  water  (up  to  3  mm),  the  plateau  of  the  counter  does  not  change  appreciably.  SBM-7  industrial-type 
metallic  counters  filled  internally  were  used.  Isopentane  at  a  pressure  of  16-18  mm  was  used  as  the  filling  gas 
When  isopentane  is  used,  difficulties  arise  as  a  result  of  the  fact  that  it  dissolves  the  vacuum  grease .  According¬ 
ly,  it  was  found  necessary  to  use  a  tap  with  a  special  shape  which  is  shown  in  Fig.  3.  The  upper  part  of  the  tap 
was  greased  with  the  usual  vacuum  grease;  the  lower  part,  which  is  separated  from  the  top  part  by  a  groove  sharp¬ 
ened  into  a  stopper,  being  lubricated  with  a  grease  based  on  mannite.  For  reading  low  water-vapor  pressures  a 
butyl  phthalate  manometer  was  used  (Fig.  4). 


Fig.  1.  Schematic  diagram  of  the  setup  for  de 
termining  tritium  in  the  form  of  water  vapor. 


cpm 


Fig.  2.  Relation  between  the  number  of  impulses 
per  minute  and  the  voltage  applied  to  the  counter. 
1)  0  mm;  2)  mm  HjO;  3)  8  mm. 


During  work  with  water  vapors  there  is  observed  an  appreciable  change  in  the  number  of  impulses  in  the 
counter  with  the  course  of  time  which  is  connected  with  the  condensation  on  the  counter  walls. 
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Fig.  3.  Vacuum  tap  for  isopen¬ 
tane. 


Fig.  4.  Butyl  phthalate 
manometer. 


In  Fig.  5  is  shown  the  change  of  the  count  with 
time,  while  in  curve  2  the  change  of  pressure  with  time 
is  shown  Since  the  distribution  of  water  vapor  between 
the  counter  surface  and  the  volume  depends  strongly  on 
the  temperature,  the  counter  has  to  be  thermostatted. 

In  our  setup  th6  counter  was  heated  to  30"  by  passing  a 
current  of  30  amp  through  the  body  of  the  counter. 
Thanks  to  the  low  thermal  inertia  of  the  counter  the 
necessary  temperature  was  readily  established  by  means 
of  a  LATRa  apparatus.  The  temperature  was  controlled 
by  a  thermocouple.  For  standardizing  the  readings  of  the 
water  vapor  pressure,  the  pressure  was  measured  5  min¬ 
utes  after  letting  in  the  sample.  The  sample  was  fed 
into  the  counter;  the  isopentane  was  then  let  in.  The  isopentane— water  vapor  was  kept  for  25  minutes,  after 
which  the  activity  was  measured. 

By  standardizing  all  the  procedures,  the  relative  error  was  established  at  1% 

It  should  be  pointed  out  that  the  characteristics  of  the  counter  deteriorate  strongly  in  the  presence  of 
small  amounts  of  air  as  an  impurity,  and  also  after  the  passage  of  a  discharge  through  the  evacuated  counter. 
After  a  discharge,  the  characteristics  of  the  counter  can  be  restored  by  heating  it  at  a  temperature  of  250-300" 
while  it  is  being  continuously  evacuated. 


Fig.  5.  The  relation  between  the 
impulse  number  and  the  water 
vapor  pressure  and  time.  1)  Im¬ 
pulses/minute;  2)  HjO  pressure. 
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Detection  of  small  amounts  of  gallium  in  the  presence  of  large  amounts  of  aluminum  is  a  difficult  prob¬ 
lem.  Concentration  of  gallium  contained  in  various  materials  in  small  amounts  can  be  carried  out  by  coprecip¬ 
itating  it  with  aluminum  hydroxide.  However,  on  separating  gallium  from  objects  containing  small  amounts  of 
aluminum,  it  is  better  to  use  titanium  hydroxide  as  a  collector. 

Gallium  hydroxide  is  precipitated  at  pH  3  [1].  Titanium  hydroxide  starts  to  separate  out  from  more  acid 
solutions.  In  nitrate  solutions,  the  pH  value  at  which  precipitation  of  titanium  hydroxide  starts  is  1.4,  while  the 
pH  at  which  coagulation  commences  is  L  65  [2].  Thus,  towards  the  beginning  of  the  formation  of  gallium  hy¬ 
droxide,  the  precipitate  should  be  completely  formed.  Aluminum  salts  have  a  stabilizing  action  on  titanium 
hydroxide  The  pH  at  which  precipitation  starts  and  the  pH  at  which  coagulation  of  titanium  hydroxide  com¬ 
mences  are  both  higher  when  aluminum  salts  are  present  in  the  solution.  Using  a  potentiometric  titration  meth¬ 
od,  we  established  that  from  a  hydrochloric  acid  solution  containing  aluminum  in  an  amount  which  is  four  times 
that  of  titanium  (10  mg  titanium  and  40  mg  aluminum),  the  pH  at  which  titanium  hydroxide  starts  to  precipitate 
increases  to  2  0,  while  commencement  of  coagulation  is  observed  at  pH  2.8.  At  a  pH  of  3.5,  {>articles  of  coa¬ 
gulated  precipitate  appear.  In  the  presence  of  100  times  its  amount  of  aluminum,  coagulation  of  the  titanium 
becomes  even  more  difficult  Coagulation  can  only  be  caused  by  addition  of  sulfate  [in  the  form  of  a  small 
amount  of  the  solid  salts  (NHtljSQt  or  Na2S04].  Thus,  in  the  presence  of  large  amounts  of  aluminum,  titanium 
is  formed  and  coagulated  in  the  pH  region  within  which  gallium  hydroxide  is  formed.  This  leads  to  almost  com¬ 
plete  coprecipitation  of  gallium  with  titanium  hydroxide.  Aluminum  is  partially  entrained  by  this  precipitate. 

For  detection  of  gallium  we  used  alizarin  (1,2-dihydroxyanthraquinone),  which  forms  with  gallium  a  red- 
colored  lake  in  a  medium  of  ammonia  and  ammonium  chloride  [31  The  selectivity  of  the  reaction  is  low.  The 
ions  of  a  number  of  elements,  above  all,  those  of  elements  which  accompany  gallium— aluminum,  indium,  zinc, 
etc.— interfere  with  the  detection,  to  give  red  -  and  violet-colored  lakes.  In  order  to  increase  the  selectivity  of 
the  reaction,  it  is  expedient  to  extract  the  gallium  alizarinate  by  means  of  a  water-immiscible  organic  liquid. 

Attempt  to  extract  gallium  alizarinate  selectively  by  ether  in  an  ammoniacal  medium  [3]  was  not  success¬ 
ful:  aluminum  and  indium  behave  like  gallium. 

Interference  from  aluminum  and  indium  was  removed  by  extracting  gallium  alizarinate  with  ethyl  ether 
from  an  ammoniacal -oxalate  buffer  solution  at  pH  8-10.  Under  these  conditions  gallium  forms  an  oxalate  com¬ 
plex.  The  latter,  as  polarographic  experiments  we  carried  out  [4]  show,  is  not  more  stable  than  the  correspond¬ 
ing  ammine.  The  sensitivity  of  the  detection  of  gallium  in  an  ammoniacal-oxalate  solution  is  not  less  than  that 
in  a  solution  containing  ammonia  and  ammonium  chloride. 

In  an  ammoniacal-oxalate  buffer,  when  there  is  a  sufficient  excess  of  ammonium  oxalate,  aluminum  does 
not  give  a  colored  lake  with  alizarin.  Indium,  which  forms  an  oxalate  [5],  does  not  interfere  with  gallium  detec¬ 
tion  either. 

•Deceased. 
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Gallium  allzarinate  separates  out  in  an  ammoniacal -oxalate  solution  as  a  precipitate  or  a  colloid.  Be¬ 
cause  the  precipitate  is  poorly  wetted  by  water,  on  shaking  with  ethyl  ether  it  collects  in  the  form  of  a  raspberry 
film  on  the  phase  boundary. 

The  sensitivity  of  the  detection  is  10 **  g  in  1  ml  of  solution.  In  order  to  increase  the  sensitivity  it  is  use¬ 
ful  to  add  a  readily  soluble  salt  (e.g.  NH^Cl). 

Detection  of  Gallium  in  Products  and  Intermediates  from  Aluminum  Production.  To  the  test  hydrochloric 
acid  solution  is  added  aTiCl4  solution  (containing  10-20  mg  titanium);  ammonia  (1  :  1)  is  added  dropwise  to  the 
appearance  of  an  appreciable  turbidity,  some  dry  (NH4)2S04  is  then  added  to  coagulate  the  precipitate.  The 
precipitate, which  is  separated  by  filtration  or  centrifuging  is  treated  with  3-4  ml  of  a  I0<yr  sodium  hydroxide 
solution.  The  solution  obtained  is  saturated  with  solid  ammonium  oxalate  and  the  whole  shaken  vigorously  for 
1-2  minutes;  a  few  drops  of  an  alcoholic  solution  of  alizarin  and  1-2  ml  of  ethyl  ether  are  finally  added.  After 
the  mixture  has  been  shaken  and  it  has  separated  out  completely  into  layers,  when  gallium  is  present  the  latter 
appears  in  the  form  of  raspberry -red  floes  or  as  a  film  on  the  boundary  of  the  aqueous  and  organic  solvent  phases. 
When  high  concentrations  of  gallium  are  present,  this  film  envelopes  the  ether  layer  and  partially  rises  above  it. 
Under  such  conditions  the  ether  layer  remains  colorless.  Separation  into  layers  occurs  rapidly  when  ether  is  used, 
but  1-2  drops  of  ethanol  can  be  added  to  accelerate  the  separation.  When  a  very  bulky  precipitate  is  obtained 
water  is  added. 

It  is  useful  to  carry  out  a  control  test  with  a  solution  of  an  aluminum  salt  in  order  to  check  on  the  reagents. 
Sometimes,  solutions  of  poorly  purified  alizarin  which  are  not  freshly  prepared  form  a  slight  film  on  the  inter¬ 
face  of  the  phases  on  shaking  with  ether.  Materials  containing  gallium  are  dissolved  by  the  usual  method. 

About  1.0  g  of  test  material  should  be  taken  for  detecting  gallium  in  aluminum  or  in  its  alloys. 

The  qualitative  reaction  suggested  could  serve  an  approximate  quantitative  evaluation  from  the  point  of 
view  of  limiting  norms. 


SUMMARY 

For  detecting  gallium  in  materials  from  aluminum  production,  the  former  is  separated  by  coprecipitating 
it  on  titanium  hydroxide,  and  detecting  gallium  in  the  form  of  its  alizarin  lake,  which  is  extracted  from  an 
ammoniacal-oxalate  buffer  solution  with  ethyl  ether  onto  the  interface  of  the  phases.  Indium  and  aluminum 
do  not  Interfere. 
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During  the  separation  of  titanium  and  tungsten  by  means  of  acid  hydrolysis,  the  tungstic  acid  which  settles 
out  contains  appreciable  amounts  of  titanium.  In  order  to  separate  these  two  elements  we  used  SBS  cation  ex¬ 
change  resin  in  the  hydrogen  form  .which  has  only  sli^t  reducing  properties.  Titanium  is  converted  into  the 
cationic  form  while  tungsten  remains  in  the  anionic  state  The  height  of  the  cation  exchange  resin  in  the  col¬ 
umn  was  300  mm  and  the  diameter  of  the  column  was  15  mm. 

Passage  of  normal  solutions  of  a  mixture  of  titanium  sulfate  and  sodium  tungstate  through  a  column  of 
SBS  cation  exchange  resin  did  not  lead  to  a  sufficiently  good  separation.  Under  these  conditions,  not  only  was 
there  observed  complete  absorption  of  titanium  by  the  active  groups  of  the  resin,  but  some  of  the  tungsten  was 
also  absorbed,  presumably,  in  the  form  of  tungstate  (WC)|^)  cations.  Nevertheless,  the  main  part  of  the  tungsten 
appeared  in  the  filtrate  in  the  form  of  the  anions  (WC^"). 

In  order  to  avoid  absorption  of  tungsten  by  the 
cation  exchange  resin,  the  acidity  of  the  solution  was 
lowered  to  pH  5,  and  hydrogen  peroxide  added  [1]. 

Under  these  conditions  the  tungsten  was  changed  into 
pertungstic  acid,  while  the  titanium  changed  into  the 
stable  complex  per-acid  cation. 

In  order  to  avoid  absorption,  5  ml  of  a  10%  solu¬ 
tion  of  hydrogen  peroxide  was  added  to  50  ml  of  a 
weakly  acid  test  solution  and  ammonia  then  added  until 
the  pH  was  5  (congo  red).  The  solution  prepared  in  this 
way  was  then  passed  through  the  column  of  cation  ex¬ 
change  resin  in  the  hydrogen  form  at  the  rate  of  3-4  ml  per 
minute.  Under  such  conditions  the  titanium  was  quantitatively  absorbed  by  the  active  groups  of  the  resin,  while 
all  the  tungsten  passed  into  the  filtrate.  The  titanium  absorbed  by  the  cation  exchange  resin  was  eluted  with 
a  10%  sulfuric  acid  solution  (250  ml  at  the  rate  of  10  ml/ minute).  After  the  separation,  the  titanium  was  de¬ 
termined  in  the  form  of  its  compound  with  hydrogen  peroxide  by  colorimetric  titration.  The  filtrate,  contain¬ 
ing  tungsten, was  heated  with  sulfuric  acid  in  order  to  destroy  the  hydrogen  peroxide;  the  tungsten  was  reduced 
with  titanium  trichloride  and  determined  by  the  thiocyanate  method.  The  separation  method  gave  satisfactory 
results  (see  Table). 


Taken,  mg 

1  Obtained,  mg 

titanium 

tungsten 

titanium 

tungsten 

2,58 

2,12 

2,55 

2,16 

2,58 

0,52 

2,55 

0,53 

2,55 

2,34 

2,58 

2,33 

1,59 

2,50 

1,57 

2,52 

1,.59 

5,00 

1,55 

5,05 

0,52 

2,25 

0,53 

2,25 

LITERATURE  CITED 
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Two  methods  are  in  current  use  in  analytical  laboratories  for  the  determination  of  methylol  groups  — 

— CH2OH.  The  first  method  [1]  is  based  on  the  oxidation  of  methylol  groups  by  iodine  in  an  alkaline  medium 
(R-CH2OH  +  I2  +  H2O  -►  RH  +  HCOOH  +  2HI).  This  method  of  determining  methylol  groups  cannot  be  used  for 
the  analysis  of  technical  phenolic  resins  [2]. 

The  second  method  is  based  on  condensation  of  methylol  containing  compounds  with  phenol  (HOCgH*— 
-CH2OH  +  CgHgOH  _  HCX:6H4-CH2-C6H40H  +  H2O). 

The  methylol  group  content  is  established  on  the  basis  of  the  amount  of  water  liberated,  on  the  basis  of 
the  amount  of  phenol  which  reacts,  or  from  the  increase  in  weight  of  the  resin  after  the  condensation.  Vansheidt 
[3]  was  the  first  to  suggest  phenol  as  a  reagent  for  the  determination  of  methylol  groups.  Subsequently,  this  meth¬ 
od  was  described  by  a  number  of  authors  [4-7],  the  latter  determined  these  groups  on  the  basis  of  the  amount  of 
water  liberated  after  condensation  of  the  methylol-containing  compounds  with  phenol  [4-6],  or  with  cresol  [7]. 
Martin  [4] measured  the  liberated  water  in  a  calibrated  trap  by  azeotropic  distillation  with  benzene.  For  ac¬ 
curate  volumetric  determination  by  Martin's  method,  large  amounts  of  sample  and  reagent  are  necessary.  The 
amount  of  phenol  used  up  in  each  determination  is  500-600  g.  In  addition  a  special  distillation  apparatus  is 
necessary. 

In  more  recent  papers  [5-7],  the  authors,  while  adhering  to  Martin’s  method,  have  suggested  that  the  water 
liberated  be  determined  by  titration  with  Fischer  reagent. 

We  tried  to  determine  the  content  of  methylol  groups  in  phenolic  resins  by  measuring  the  liberated  water 
with  Fischer  reagent.  However,  the  poor  stability  of  the  titrated  solutions,  the  high  sensitivity  towards  atmos¬ 
pheric  moisture,  the  complexity  of  the  apparatus,  and  also  the  fact  that  Fischer  solution  can  only  be  used  for 
colored  solutions  when  an  electrometric  titration  is  carried  out,  led  us  to  reject  this  method. 

In  subsequent  investigations  we  determined  the  methylol  groups  on  the  basis  of  the  amount  of  phenol 
which  had  reacted  rather  than  on  the  basis  of  the  water  liberated.  Essentially  the  method  consists  of  condensir^ 
the  methylol  groups  with  excess  phenol  in  the  presence  of  hydrochloric  acid.  Having  determined  the  amount 
d"  phenol  used  up  in  the  reaction,  it  is  possible  to  calculate  the  content  of  the  methylol  groups  in  the  resin. 

An  aliquot  of  test  resin  (150-250  mg)  was  placed  in  a  150-200  ml  round-bottom  flask  and  1  ml  of  an  SO^o 
aqueous  solution  of  phenol  added  by  pipet.  The  flask  was  connected  to  a  reflux  condenser  and  placed  on  a  boil¬ 
ing  water  bath,  10  ml  of  1  N  hydrochloric  acid  was  then  introduced  through  the  condenser.  After  two  hours  the 
flask  was  cooled  and  its  contents  carefully  transferred  to  a  special  flask  for  steam  distilling  off  the  unreacted 
phenol. 


•Laboratory  assistant  G.  N.  Korzyukov  helped  in  the  experimental  work. 
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Test  material 

CH2OH  content,  % 

Phenol  alcohol  No.  1 

17.84-17  87 

Phenol  alcohol  No.  2 

27.8  -28.1 

Resol  resin  (emulsion) 

33.09-22.7 

Dlmethylolurea  No.  1  • 

46.7  -46.4 

Dimethylolurea  No.  2* 

45.9  -45.7 

Trlmethylolmelamlne  • 

42.3  -42.8 

Hexamethylolmelamine  • 

58.8  -58.4 

•Technical  product 

The  distillate  was  collected  in  a  1000  ml  standard  flask.  Steam  distillation  was  continued  until  the 
distillate  gave  no  turbidity  with  bromine  water.  When  distillation  was  complete,  free  phenol  was  determined 
by  means  of  GOST -901 -46 


In  parallel,  a  control  steam  distillation  was  carried  out  with  the  test  resin  to  which  1  ml  of  the  80<7o  aqueous 
solution  of  phenol  had  been  added.  By  subtracting  the  amount  of  phenol  in  the  distillate  from  the  test  material 
from  the  amount  of  phenol  in  the  distillate  from  the  control  test,  the  amount  of  combined  phenol  is  found,  L  e., 
the  phenol  which  has  reacted  with  the  methylol  groups. 

Assuming  that  one  molecule  of  phenol  reacts  with  one  methylol  group,  the  methylol  content  is  calculated 
by  means  of  the  following  formula; 


(a-b)  0.33 
c 


where  x  is  the  percentage  content  of  methylol  groups,  a  is  the  percentage  content  of  phenol  obtained  in  the 
control  test,  b  is  the  percentage  content  of  phenol  in  the  test  itself,  and  c  is  the  weight  of  resin  taken;  0.33 
is  the  conversion  factor. 

It  is  also  necessary  to  take  into  account  the  free  phenol  content  of  the  resin  itself  as  determined  by  GOST- 
901  -46.  In  this  case  the  formula  used  for  the  calculation  will  have  the  form: 


a  -  (b-d)  •  0,33 
c 


where  d  is  the  content  (in  percent)  of  free  phenol  in  the  resin. 

For  the  analysis  of  resins  containing  free  formaldehyde,  the  percentage  of  methylol  groups  is  calculated 
by  means  of  the  formula; 

^  ^  a-(b-d)-0.33  _  ^ 

c 


where  D  is  the  percentage  of  free  formaldehyde  in  the  resin. 

We  determined  the  methylol  group  content  of  the  condensation  products  of  phenol  with  formaldehyde, 
and  also  of  urea  and  melamine  methylol  derivatives.  Results  with  good  reproducibility  were  obtained  (see 
Table).  During  the  determination  of  the  methylol  groups  in  pure  o-hydroxybenzyl  alcohol  (saligenin)  the  fol¬ 
lowing  results  were  obtained  24.85,  25.19,  and  24.90%  of  CH2OH;  the  theoretical  content  is  25.0%. 

Determination  of  free  phenol  and  formaldehyde  does  not  complicate  the  work  when  this  technique  is 
used,  because  it  can  be  carried  out  in  accordance  with  GOST  requirements. 
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We  tried  to  apply  the  photometric  method  of  determining  crotonaldehyde  in  the  ultraviolet  [1]  to  the 
analysis  of  the  liquid  products  obtained  by  the  catalytic  conversion  of  acetaldehyde  over  a  calcium -phosphate 
catalyst  [2].  The  deviations  which  were  obtained  between  the  results  for  crotonaldehyde  by  the  photometric 
determination  indicated,  and  by  chemical  analysis,  led  us  to  carry  out  a  more  detailed  study  of  the  liquid 
products  from  the  catalytic  condensation  of  acetaldehyde.  In  addition  to  crotonaldehyde,  acetic  acid,  and 
acetaldehyde,  these  products  were  found  to  contain  paraldehyde  b.p.  121“;  0.9900;  n^  1.4019.  The  published 

data  for  paraldehyde  are;  b.p  123.2-123.5";  dj®  0.9943;  n|)  1.4049  [3].  Under  the  action  of  concentrated  sulfuric 
acid,  paraldehyde  is  converted  completely  into  acetaldehyde  (b.p.  21")  during  distillation.  Since  we  were  inter¬ 
ested,  in  the  given  instance,  in  the  analysis  of  the  products  obtained,  we  set  aside  the  question  of  how  the  paral¬ 
dehyde  is  formed:  whether  it  is  formed  from  acetaldehyde  under  the  influence  of  the  catalyst— calcium  phosphate, 
in  a  similar  fashion  to  what  is  observed  under  the  influence  of  sulfurous  acid  [4],  concentrated  sulfuric  acid,  hydro¬ 
chloric  acid,  zinc  chloride,  COCI2  [5],  ethyl  iodide,  cyanogen  [6], etc.,  or  whether  paraldehyde  is  the  product  of 
a  secondary  reaction— conversion  of  acetaldehyde  under  the  action  of  the  materials  formed  in  the  catalytic  process. 

In  the  work  described  here  we  studied  the  effect  of  paral¬ 
dehyde  on  the  optical  density  of  neutral  aqueous  solutions  of 
crotonaldehyde,  and  also  on  the  optical  density  of  aqueous 
solutions  of  crotonaldehyde  containing  acetaldehyde.  The 
results  obtained  supplement  the  technique  for  the  photometric 
determination  of  crotonaldehyde  in  the  ultraviolet  [1]. 

First  of  all  the  absorption  curve  of  pure  paraldehyde 
(its  characteristics  are  given  above)  was  taken  on  a  SF-4  spec¬ 
trophotometer  in  a  0.1  mm  quartz  cell  in  the  range  220-365 
mp  (Fig.  1). 

Subsequent  work  was  carried  out  on  a  FM  visual  pho¬ 
tometer  adapted  for  operating  in  the  ultraviolet  [7]  and  using 
quartz  plane-parallel  cells  with  a  thickness  of  25  mm.  The 
absorption  curve  of  paraldehyde  (Fig.  1)  shows  that  it  is  pos- 
e  experimental  procedure  has  been  described  before  [1]. 

The  following  materials  were  used  for  preparing  model  mixtures: 

Crotonaldehyde  (obtained  by  dehydration  of  acetaldol  with  orthophosphoric  acid)  b.p.  101",  n|)  1.4364 
Published  data  for  crotonaldehyde  b.p.  101,3-102.0",  n^  1.4356  [8]. 


D 


Absorption  curve  of  paraldehyde. 

sible  to  use  this  apparatus  with  a  UFS  -3  filter. 
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TABLE  1 

Relation  between  Optical  Density  and  the  Concentration  of  Paraldehyde  in  an  Ethanol  Solution 


Paraldehyde  concentration, 

%  (volume) 

100 

50 

25 

12.5 

6.25 

3.12 

Optical  density  (D) 

0.52 

0.26 

0.13 

0.06 

0.03 

0.00 

TABLE  2 

Effect  of  Paraldehyde  on  the  Optical  Density  of  Crotonaldehyde  Solutions 


Crotonal- 
dehyde,  % 
(volume) 


Paraldehyde,  <7o  (volume) 


Optical  density  (D) 


0,00; 

0,.50; 

5,0; 

8.0; 

10,0 

0,43; 

0,46; 

0,49; 

0,51; 

0,54 

0,00; 

0,2.5; 

2.5; 

4,0; 

5,0 

0,21; 

0,22; 

0.24; 

0.26; 

0,27 

O.'.Xl; 

0,12; 

1,25; 

2.0; 

2,5 

0,10; 

0,11; 

0,11; 

0,13; 

0,13 

0,00; 

0,06; 

0,62; 

1,0; 

1,25 

0,05: 

0,05; 

0.04; 

0,06; 

0,06 

0,00; 

0,03; 

0,31; 

0,5; 

0,62 

0,02; 

0,00; 

0,00; 

0,03; 

0,03 

Paraldehyde  (prepared  by  purification  of  the  commercial  material)  b.p.  122-123.5*;  dj®  0.9963;  n^  1.4037. 

Acetaldehyde  (obtained  by  depolymerization  of  paraldehyde  in  the  presence  of  concentrated  sulfuric  acid) 
b.p.  21';  ng  1.3318.  PubUshed  data  b.p.  21*.  ng  1.3316  [9]. 

Solutions  of  paraldehyde  in  ethanol  conform  to  Beer's  law  (Table  1). 

Quantitative  determination  of  paraldehyde  in  ethanol  solution  is  only  possible  on  the  photometer  used 
when  the  paraldehyde  concentrations  are  high  enough  [not  less  than  25%  (by  volume)].  The  use  of  longer  cells 
would,  probably,  permit  determination  of  lower  paraldehyde  concentrations. 

Since  paraldehyde  itself  possess  an  insignificant  density  in  dilute  solutions,  additions  of  this  material  will 
increase  the  optical  density  of  aqueous  solutions*  of  crotonaldehyde  (Table  2)  to  a  greater  degree. 

Thus,  even  small  amounts  [0.12-0,5%  (volume)]  of  paraldehyde  lead  to  an  increase  in  the  optical  density 
of  aqueous  solutions  of  crotonaldehyde,  as  a  result  of  which  the  curve  relating  optical  density  to  crotonaldehyde 
concentration  established  earlier  [1]  cannot  be  used  for  the  quantitative  determination  of  crotonaldehyde.  But, 
since  aqueous  solutions  of  crotonaldehyde  (containing  up  to  10%  by  volume  of  paraldehyde)  conform  to  Beer’s 
law,  the  amount  of  crotonaldehyde  can  be  calculated  if  the  paraldehyde  concentration  is  established  beforehand. 
In  such  cases  the  results  given  in  Table  2  permit  construction  of  a  family  of  calibration  curves. 

It  is  known  [1]  that  for  crotonaldehyde  contents  up  to  1.6%  (volume)  the  limiting  concentration  of  acetal¬ 
dehyde  which  will  not  affect  the  optical  density  of  crotonaldehyde  during  its  determination  in  aqueous  solutions 
amounts  to  a  maximum  of  15%  (volume). 

Actual  aqueous  condensates  obtained  during  catalytic  experiments  on  the  conversion  of  acetaldehyde  [2] 
contained  2.5  and  0.5%  (volume)  of  crotonaldehyde  and  15  and  25%  (volume)  of  acetaldehyde,  respectively.  The 
effect  of  acetaldehyde  on  the  optical  density  of  crotonaldehyde  was  determined  by  using  synthetic  mixtures  of 
the  same  composition  as  the  aqueous  condensates  given  above.  It  was  established  that  these  solutions  conform 
to  Beer’s  law  (Table  3),  although  the  curve  relating  optical  density  to  crotonaldehyde  concentration  for  these 
solutions  is  somewhat  higher  than  the  calibration  curve  for  crotonaldehyde  alone  [1].  In  Table  3  is  shown  the 
effect  of  paraldehyde  on  the  optical  density  of  aqueous  solutions  of  crotonaldehyde  containing  acetaldehyde. 


•Water  and  ethanol  are  optically  transparent  within  the  limits  of  the  ultraviolet  part  of  the  spectrum  used  in 
this  case. 
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TABLE  3 


Effect  of  Paraldehyde  on  the  Optical  Density  of  Aqueous  Solutions  of  Crotonaldehyde  Con 
taining  Acetaldehyde 


Crotonal¬ 
dehyde,  % 
(volume) 

.Acetal¬ 
dehyde,  % 
(volume) 

Paraldehyde,  %  (volume) 

Optical  density  (D) 

0,.')0 

25,0 

0,00;  0,:)0;  r),0;  10,0 

0,22;  0,26;  0,27; 

0,32 

o,jr, 

12,5 

0,00;  0,25;  2,5;  5,0 

0,11;  0,13;  0,13; 

0,13 

0, 12 

0,25 

0,00;  0,12;  1,25;  2,5 

0,05;  0,06;  0,06; 

0,06 

0,0() 

3,12 

0,00;  0,00;  0,62;  1,25 

0,02;  0,03;  0,04; 

0,03 

0,03 

1,50 

0,00;  0,03;  0,31;  0,62 

0,00;  0,00;  0,00; 

0,00 

2,.')0 

15,0 

0,00;  2,0;  5,0;  10,0 

0,50;  0,60;  0,63; 

0,93 

1,2.5 

7,5 

0,00;  1,0;  2,5:  5.0 

0,25;  0,30;  0,30; 

0,31 

0,02 

3,75 

0,00;  0,50;  1,25;  2,5 

0,12;  0,15;  0,14; 

0,15 

0,31 

1,88 

0,00;  0,25;  0,62;  1,25 

0,06;  0,07;  0,06; 

0,07 

0,15 

0,91 

0,00;  0,12;  0,31;  0,62 

0,03;  0,03;  0,03; 

0.04 

As  is  evident  from  Table  3,  additions  of  paraldehyde  to  aqueous  solutions  of  crotonaldehyde  containing 
acetaldehyde  leads  to  an  even  greater  increase  in  the  optical  density  than  is  observed  in  solutions  which  do  not 
contain  acetaldehyde  (see  Table  2). 

Additional  experiments  established  that  in  aqueous  solutions  containing  0.5  and  2.5%  (volume)  of  crotonal¬ 
dehyde  and  25-15%  (volume)  of  acetaldehyde.respectively,  the  maximum  paraldehyde  concentration  for  which 
crotonaldehyde  determination  is  still  possible  is  2.0%  (volume).  In  these  cases, therefore,  calibration  curves  should 
be  constructed  on  the  basis  of  the  results  obtained  for  solutions  of  the  composition  indicated,  free  from  paraldehyde. 

SUMMARY 

The  photometric  method  for  the  determination  of  crotonaldehyde  in  the  ultraviolet  can  be  used  for  aqueous 
solutions  containing  paraldehyde  and  high  contents  of  acetaldehyde.  The  limits  of  the  applicability  of  the  method 
have  been  established. 
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Brightly  colored  salts  of  violuric  acid  (or,  what  is  the  same,  5-isonitrosobarbituric  acid)  are  formed  by 
the  interaction  of  barbituric  acid  and  the  nitrites  of  the  alkali  and  alkaline  earth  metals,  as  Baeyer  established 
[1].  A  similar  reaction  for  2 -thiobarbituric  acid  has  been  described  by  Isherwood  [2]  Although  the  structure 
and  some  of  the  properties  of  the  violuratesand  2-thioviolurateshave  been  studied  by  Hantzsch  [3],  Wagner  [4], 
and  Lai  and  Dutt  [5],  the  conditions  under  which  these  salts  are  formed  have  not  been  established  hitherto,  and 
no  attempts  have  been  made  to  use  the  reactions  indicated  for  the  quantitative  determination  of  barbituric  and 
2 -thiobarbituric  acids.  This  is  connected  with  the  fact  that  the  colors  are  not  stable  enough  under  conditions 
where  the  pH  is  not  controlled.  Erlenmeyer  and  Schoenauer  [6]  and  Erlenmeyer,  Hahn,  and  Sorkin  [7]  came  up 
against  this  difficulty  when  they  tried  to  use  violuric  acid  as  a  developer  during  the  chromatographic  separation 
of  mixtures  of  the  cations  of  the  alkali  and  alkaline -earth  metals  [8]. 

We  studied  the  interaction  of  barbituric  and  2 -thiobarbituric  acids  with  nitrites  in  0.01-0.001  M  solutions 
[9],  and  established  that  the  formation  and  stability  of  the  characteristic  colors  of  the  violurates  and  2-thio- 
violurates, respectively,  depend  not  only  on  the  temperature  but  also  on  the  pH  of  the  solution.  The  optimum 
pH  for  sodium  and  potassium  violurates  was  found  to  be  5. 0-5. 2,  while  for  sodium  and  potassium  2-thioviolurates 
the  optimum  pH  was  4.7-4.9 .  Solutions  of  sodium  violurate  and  2-thloviolurate  have  absorption  maxima  at  520 
and  570  mp,  respectively. 

The  colors  formed  gradually  disappear  on  standing.  At  100“  and  at  the  optimum  pH  and  at  pH  values 
below  this  optimum  value,  the  color  of  the  violurate  and  2-thioviolurate  forms  very  rapidly,  reaches  a  maximum 
in  the  first  10-15  minutes,  and  then  gradually  weakens.  On  the  other  hand,  at  pH  values  higher  than  the  optimum 
value,  only  a  comparatively  slow  increase  in  color  is  observed,  and  a  maximum  value  is  not  achieved  even  at  100" 
for  60  minutes. 

The  results  mentioned  above  were  obtained  both  in  experiments  where  a  considerable  excessof  barbituric  and 
2 -thiobarbituric  acid, respectively.was  used,  and  in  experiments  where  excess  nitrite  was  used  in  the  reaction  solu¬ 
tion.  In  the  latter  case  all  the  features  noted  were  observed  in  the  course  of  a  comparatively  limited  time  of 
interaction  (about  10-15  minutes  at  100°  and  many  hours  at  20°).  During  the  longer  interaction  times  of  the 
nitrite  gradual  disappearance  of  the  colors  formed  was  observed. 

The  results  which  we  obtained  earlier  [10]  led  us  to  use  the  reaction  indicated  for  the  quantitative  deter¬ 
mination  of  nitrite  and  to  develop  a  photometric  method  using  2 -thiobarbituric  acid.  In  the  present  work 
described  here,  on  the  basis  of  the  conditions  found  for  the  formation  of  colors  by  the  interaction  of  barbituric 
and  2-thiobarbituric  acids  with  excess  nitrite,  we  have  developed  a  method  for  the  quantitative  photometric 
determination  of  barbituric  and  2-thiobarbituric  acids. 
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Such  a  determination  is,  obviously,  possible  under 
conditions  where  the  pH  of  the  solution  is  strictly  con¬ 
trolled,  and  best  of  all  at  the  optimum  pH.  For  this  pur¬ 
pose  we  used  a  twofold  excess  by  volume  of  a  phosphate - 
citrate  or  acetate  buffer  mixture  with  a  pH  of  5.2  for  the 
determination  of  barbituric  acid,  and  with  a  pH  of  4.9  for 
the  determination  of  2-thiobarbituric  acid. 

In  all  the  experiments  the  reaction  mixtures  were 
heated  at  100®  for  15  minutes  and  then  immediately 
cooled  with  ice  water  to  20*.  The  colors  obtained  in  this 
way  are  stable  enough  at  20®  (for  several  hours). 

The  curves  shown  in  the  figure  give  the  results  of 
our  experiments  in  the  form  of  a  relationship  between  the 
optical  density  of  the  colors  formed  and  the  concentration 
of  barbituric  acid  (Curve  1)  and  2-thiobarbiturlc  acid 
(Curve  2)  In  each  experiment  13  ml  of  the  citrate - 
2  W  4  W  *  610  *  810  *  NO  ^mole/liter  phosphate  or  acetate  buffer  mixture  was  mixed  with  5  ml 

of  nitrite  solution  and  2  ml  of  barbituric  acid  or  2-thio¬ 
barbituric  acid  solution.respectively.  The  concentrations 
of  the  nitrite  solution  and  of  the  respective  solutions  of  the  acids  were  the  same  so  that  in  all  the  experiments 
the  nitrite  was  in  a  2.5  excess  of  the  acids. 

As  is  evident  from  the  curves,  the  change  in  optical  density  of  the  2-thioviolurate  (Curve  2)  with  changes 
in  the  concentration  of  the  original  2-thiobarbituric  acid  conforms  fairly  well  to  the  Lambert -Beer  law.  In  the 
case  of  barbituric  acid  (Curve  1)  the  color  of  the  vlolurate  which  develops,  although  it  does  not  strictly  follow 
a  linear  relationship,  does  not  deviate  too  much,  and  the  curve  obtained  does  permit  the  use  of  this  method  for 
quantitative  purposes. 

The  results  obtained  show  that  photometric  determination  by  this  method  is  possible  with  an  accuracy  of 
not  less  than  5«7o  if  a  standard  curve  is  established  beforehand.  Such  a  determination  is  possible  at  a  concentra¬ 
tion  as  low  as  10’*  M  of  barbituric  or  2-thiobartituric  acids,  i.e.,  it  is  fairly  sensitive.  The  cations  of  the  alkali 
and  alkaline  earth  metals  do  not  interfere  with  the  determination,  since  for  their  violurates,  according  to 

our  observations,  lies  within  the  limits  510-530  mp,  while  for  the  2-thioviolurates  their  lies  within  the 

limits  570-580  mp .  Heavy  metal  cations  (copper,  iron)  interfere  with  accurate  determination. 

SUMMA  RY 

It  has  been  found  that  the  formation  of  colored  violurates  and  2-thioviolurates  under  certain  conditions 
can  be  used  for  the  quantitative  photometric  determination  of  barbituric  and  2-thiobarbituric  acids. 
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LETTERS  TO  THE  EDITOR 


A  LETTER  TO  THE  EDITOR  OF  ZHURNAL  A  N  A  LIT  IC  HES  K  OI  KHIMII* 
Received  August  3,  1959 

Dear  Editor, 


In  the  Journal  of  Analytical  Chemistry,  A.  A.  Nemodruk  [1],  so  he  assumes,  has  proved  the  worthlessness 
of  the  so-called  hypothesis  of  the  intermolecular  dissociation  of  cyclic  salts  (IMD),  on  which  I  have  worked  for 
about  20  years.  In  this  connection  I  should  like  to  ask  you  to  publish  the  following  observations  of  mine. 

It  is  generally  accepted  at  present  that  organic  salt  and  complexing  agents  form,  at  varying  pH,  so-called 
cyclic  or  chelate  salts  of  varying  composition  with  elements.  Often  several  such  salts  may  be  present  at  the 
same  time  in  solution,  the  ratio  of  the  concentrations  of  these  salts  varying  with  pH  changes.  Some  research 
workers  assume  that  this  change  in  the  ratio  of  the  concentrations  may  explain  all  those  changes  in  the  properties 
of  solution  of  cyclic  salts  which  occur  on  changing  the  pH. 

After  working  for  several  years  with  solutions  of  cyclic  salts  I  have  come  to  the  conclusion  that  such 
ideas  are  not  enough  to  explain  all  the  multiplicity  of  existing  facts.  The  need  has  arisen  to  introduce  some 
additional  mechanisms,  the  development  of  which  attracted  me  to  the  IMD  hypothesis.  In  addition  to  my  initial 
publications  [2,  3],  I  have  written  about  this  hypothesis  in  subsequent  articles  [4-8]  and  have  spoken  considerably 
about  it  in  my  lectures  on  organic  analytical  reagents  in  Moscow  and  Leningrad  . 

The  IMD  hypothesis  relates  to  the  nature  of  those  bonds  by  which  the  atom  of  the  element  is  connected 
in  cyclic  salts  with  the  residue  of  an  organic  reagent  molecule.  In  general,  these  bonds  are  to  a  lesser  or  greater 
degree  polar,  or,  as  it  is  said,  are  to  some  extent  ionic.  The  IMD  hypothesis  assumes  that  the  degree  of  ionicity 
of  these  bonds  does  not  remain  constant,  but  changes  with  the  pH  of  the  medium,  temperature,  and  other  external 
factors.  The  IMD  hypothesis  assumes  that  a  dissolved  cyclic  salt,  even  without  changing  its  composition,  can,  with 
changes  in  pH,  change  its  state,  which  is  connected  with  changes  in  the  degree  of  ionicity  of  the  bonds  of  the  atom 
of  the  element. 

Acceptance  of  this  basic  proposition  of  the  hypothesis  permits  a  ready  explanation  of  many  facts  which 
have  hitherto  not  been  explained  satisfactorily.  For  example,  it  is  known  that  the  enhanced  stability  of  cyclic 
salts  to  acidification  can  be  explained  by  the  fact  that  the  increasing  tendency  of  an  atom  of  an  element  to 
change  over  on  acidification  of  the  solution  to  an  unconnected  ionic  state  is  satisfied  by  a  simple  increase  in  the 
degree  of  IMD.  In  non-cyclic  salts,  however,  on  increasing  the  degree  of  ionic  character  of  the  atomic  bond, 
there  is  a  rapid  decomposition  of  the  salt.  The  IMD  hypothesis  explains  the  effect  of  pH  on  the  color  of  solutions 
of  cyclic  salts  [3]  and  permits  one  to  make  predictions,  which  is  always  worth-while,  about  the  reactivity  of 
cyclic  salts,  explains  the  structure  of  certain  cyclic  salts  which  various  formulas  cannot  cover  ([5]  p.  189),  and 
many  others.  The  hypothesis  is  particularly  useful  for  disclosing  new  color  reactions  and  new  methods  of  organic 
synthesis,  for  which  it  is  even  now  an  inexhaustible  source  of  new  discoveries. 

The  use  of  this  hypothesis  in  the  work  of  Russian  and  foreign  research  workers  is  continuously  increasing 
(e.g.  [9-11]),  Recently,  this  hypothesis  has  started  to  interest  physicists.  In  one  of  his  papers  on  proton  magnetic 
resonance,  A.  I.  Rivkind  states;  "The  latter  fact  is  useful  for  the  experimental  study  of  the  phenomenon  of 


•  Note  on  correction.  A.  A.  Nemodruk’s  article  has  also  been  discussed  by  Yu.  Bankovskii  and  A.  levin’sh 
(Izv.  Akad.  Nauk.  Latv.  SSR,  12,  171  (1959). 
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intermolecular  dissociation  of  complexes,  theoretically  predicted  by  V.  1.  Kuznetsov.  It  has  been  found  that 
the  intermolecular  ionic  state  is  a  widely  distributed  property  of  complex  particles  ...  *  [12],  see  also  [13]. 

Returning  to  Nemodruk's  article,  we  should  point  out  that  the  first  part  of  this  article  (pp  260-262,  Figs. 
1-3)  proves,  in  Nemodruk’s  opinion,  the  worthlessness  of  the  IMD  hypothesis,  by  the  fact  that  solutions  of  cyclic 
salts  and  solutions  of  the  sum  of  the  ionized  and  nonionized  state  of  a  reagent  which  are  similar  in  color,  have 
dissimilar  light  absorption  curves. 

Here  Nemodruk  misleads  the  reader  by  distorting  the  idea  behind  a  technique  which  is  useful  in  simple 
cases  for  getting  an  approximate  evaluation  of  the  extent  of  IMD  ([2],  p.  813),  and  sets  forth  in  a  distorted 
form  the  essence  of  the  hypothesis.  IMD  essentially  assumes  that  cyclic  salts  with  IMD  possess  properties  which 
are  intermediate  between  the  properties  of  the  ionized  and  nonionized  state  of  a  reagent,  and  are,  at  the  same 
time,  individual  compounds, and  not  mixtures.  Accordingly,  it  is  completely  incomprehensible  on  what  basis 
Nemodruk  makes  such  a  conclusion  (p.  262,  line  8  from  the  bottom);  "The  absence  in  solutions  of  complex  salts 
of  both  the  ionic  and  undissociated  forms  of  a  reagent,  is  incompatible  with  the  idea  of  the  intermolecular 
dissociation  of  these  salts,  developed  by  Kuznetsov  [2,  3]". 

Nemodruk  misleads  the  reader  even  more  by  placing  conclusions  I  made  long  ago  after  his  conclusions, 
by  writing  at  the  beginning  of  the  article  (p.  260,  line  5  from  the  bottom):  "we  have  established  a  number  of 
factors  which  are  incommensurable  with  the  hypothesis  of  IMD.  What  one  should  understand  by  this  "we"  is 
obvious  from  the  following  comparisons. 

My  article  (1950) 

([3]  p.  818,  line  3  from  the  bottom)  "  .  .  .  .  the  absorption  curves 
of  solutions  of  cyclic  salts  are  similar  in  appearance  to  the  absorption  curves 
of  both  forms  of  the  reagent  and  lie  between  them  (Fig.  1,  see  also  15,  16, 

22).  The  absorption  curves  of  the  sum  of  the  colors  of  the  different  forms  of 
the  reagent  differ  strongly  from  the  absorption  curves  of  solutions  of  cyclic 
salts  (Fig.  2),  and  it  is  only  as  a  result  of  the  capacity  of  the  eye  to  sum  the 
colors  that  the  physiological  impression  of  the  identity  of  these  colors  arises. 

Nemodruk’s  article  (1959) 

(p.  262,  middle  of  the  page)  "With  respect  to  their  absorption  curves, 
these  complexes  occupy  an  intermediate  position  between  the  undissociated 
enols  and  their  ionic  state."  (p.  261,  line  2  from  the  bottom)  "Thus,  from 
a  comparison  of  the  light  absorption  curves  of  solutions  of  complexes  and  of 
solutions  of  the  reagents,  which  coincide  in  color,  it  follows,  that  ...  in  the 
case  of  solutions  of  complexes  ...  a  new  form,  intermediate  between  the 
dissociated  and  undissociated  forms, appears." 

Accordingly,  in  the  first  part  of  his  article,  Nemodruk  adds  to  the  diagram  which  I  gave  ([3],  p.  819, 

Fig.  2)  yet  another  three  such  diagrams,  repeats  in  different  words  conclusions  which  I  had  already  made,  mis¬ 
leads  the  reader  by  distorting  the  essence  of  the  hypothesis,  and  then  writes  his  conclusion  regarding  the  "worth¬ 
lessness"  of  the  IMD  hypothesis.' 

The  rest  of  Nemodruk’s  article  has  been  constructed  on  the  same  principle.  For  the  sake  of  brevity  I 
shall  limit  myself  to  some  examples. 

(In  p.  268  Nemodruk  reproaches  me  for  the  fact  that  I  (for  brevity)  in  the  formula  for  the  symmetrical 
gallium  salt  of  pyrocatechol  depicted  IMD  on  one  bond  only.  Nemodruk  emphasizes  that  IMD  should  be  mani¬ 
fested  along  both  bonds.  All  this  is  true,  and  credit  should  be  given  to  him,  if  this  fact  had  not  already  been 
pointed  out  by  me  earlier.  Here  is  a  comparison. 
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My  article  (1952) 

([4]  p.  179,  line  2  from  the  bottom)  "In  the  symmetrical  structure  of 
a  complex  the  ionic  state  of  the  bonds  is  distributed  evenly  between  both 
bonds." 

Nemodruk*s  article  (1959) 

(p.  268,  middle  of  the  page)  "If  then  these  groups  are  completely 
identical,  as  for  example  in  the  case  of* the  cyclic  gallium  salts  of 
pyrocatechol  ....  the  assumption  of  the  unequal  value  of  the  two  com¬ 
pletely  similar  bonds  ....  made  by  Kuznetsov  .  .  .  cannot  be  justified 
by  any  means." 

Having  "unmasked"  the  IMD  hypothesis  by  this  method,  Nemodruk  sets  up  in  opposition  to  it  polarization 
hypotheses,  the  application  of  which,  in  the  case  under  consideration,  he  is  inclined  to  regard  as  his  own. 
Nemodruk  writes  that  the  IMD  hypothesis  is  "erroneous  in  its  basis  propositions,  it  can  only  show  a  negative 
effect.  ...  it  should  be  replaced  ....  by  polarization  hypotheses"  (p.  270).  What  then  is  the  difference  be¬ 
tween  IMD  and  the  hypothesis  regarding  the  degree  of  ionic  character  of  a  bond  or,  as  Nemodruk  prefers,  polar¬ 
ization  hypotheses  ?  They  are  one  and  the  same,  the  only  difference  is  in  the  terms  used. 

At  the  beginning  of  the  present  letter  I  advanced  some  ideas  regarding  the  enhanced  stability  of  cyclic 
salts.  One  might  not  agree  with  these  ideas,  one  can  dispute  them.  But  such  refutations  must  be  backed  by 
evidence;  one  cannot  write,  as  Nemodruk  does,  "intermolecular  dissociation  cannot  be  linked  up  with  the  high 
stability  of  cyclic  salts".  Discussing  the  reactivity  of  cyclic  salts  (p.  266),  Nemodruk  cites  more  recent  work  in 
which  he  participated,  without  referring  to  my  earlier  publications  in  which  he  did  not  participate.  This  "usur¬ 
pation’’  of  my  priority  occurs  in  other  places. 

Nemodruk’s  article  is  unfortunate  in  other  respects.  His  article  abounds  in  mistakes  and  testifies  to  his 
lack  of  understanding  of  the  essence  of  the  IMD  hypothesis.  Thus,  on  p.  266,  discussing  (incidentally,  very 
erroneously)  the  reasons  for  the  colors  of  solid  materials,  Nemodruk  writes  "...  in  the  solid  state,  in  which, 
as  is  known,  no  ordinary  or  intermolecular  dissociation  takes  place."  Consequently,  according  to  Nemodruk, 
ionic  crystals  do  not  exist  in  nature.  Developing  "his"  polarization  theories,  in  p.  269,  Nemodruk  gives,  what 
in  his  opinion  is  useful,  the  example  of  the  colors  of  the  potassium  and  sodium  nitrophenolates;  K— red,  Na~ 
yellow.  Actually,  only  the  aqueous  (with  2  H2O)  sodium  nitrophenolate  is  yellow,  while  the  anhydrous  material 
is  red  [14]. 

I  can  only  express  regret  that  the  editorial  board  of  the  Journal  of  Analytical  Chemistry  did  not  give  me 
the  opportunity  to  become  acquainted  with  Nemodruk’s  article  prior  to  its  publication. 

V.  I.  Kuznetsov 
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CHRONICLE 


CONFERENCE  ON  PHASE  (MATERIAL)  ANALYSIS 

OF  NONFERROUS  METAL  ORES,  THEIR  ENRICHMENT  PRODUCTS, 
AND  PRODUCTS  OF  THEIR  METALLURGICAL  TREATMENT 


(July  10-15,  1959,  Ordzhonikidze) 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  2,  pp.  253, 
March-April,  1960 


The  conference  on  phase  (material)  analysis  was  convened  by  the  Scientific -Technical  Society  of  Non- 
ferrous  Metallurgy,  the  State  Scientific -Research  Institute  of  Nonferrous  Metals  ("Gintsvetmet")  and  the  Council 
of  Social  Economy  of  the  Northern  Osetinskii  Economic  Administrative  Territory.  Twenty-five  enterprises  and 
26  scientific  institutions  took  part  in  the  work  of  the  conference.  Twenty-one  reports  and  16  communications 
were  read  on  the  analysis  of  ores,  their  enrichment  products,  and  their  metallurgical  processing  products  for 
compounds  of  the  following  elements:  Cu,  Pb,  Zn,  Cd,  Mo,  W,  Sn,  Be,  Ta,  Al,  Ti,  Fe  and  Si. 

The  conference  acknowledges  that  in  contrast  to  ores  and  their  enrichment  products,  for  which  analytical 
methods  have  been  developed  for  the  compounds  of  a  number  of  elements,  the  products  of  metallurgical  proc¬ 
essing  (slags,  matte,  annealing  products,  dust)  have  not  been  at  all  satisfactorily  studied,  while  development 
of  techniques  for  their  analysis  has  proceeded  slowly,  A  successful  and  fairly  complete  study  of  the  material 
composition  of  such  products  is  only  possible  under  such  conditions,  where  in  addition  to  using  chemical  methods 
based  on  selective  solution,  use  is  also  made  of  mineral-petrographic,  x-ray  structural,  thermal,  local  x-ray  spec- 
trographic  and  other  methods  of  analysis. 

The  conference  noted  the  following  papers  (as  the  most  interesting  ones):  "Separate  determination  in  ores 
of  finely  dispersed  copper  oxide  combined  with  the  components  of  interfering  rock"  (Gintsvetmet);  "Chemico- 
mineralogical  study  of  agglomerates  obtained  from  oxidized  nickel  ores"  (Mekhanobr);  "Determination  of  the 
forms  of  molybdenum  in  molybdenum— tungsten  ores  and  their  enrichment  products,  with  separate  determination 
of  molybdenum  of  the  crystalline  lattice  of  scheelite"  (Gintsvetmet);  "Determination  of  oxygen  compounds  in 
the  matte  from  lead  melts"  (Vniitsvetmet);  "Determination  of  the  various  forms  of  tungsten  in  ores  with  separate 
determination  of  tungsten,  scheelite,  hubnerite,  and  wolframite"  (Gintsvetmet);  "Analysis  of  lead  compounds  in 
industrial  accumulators"  (NIAI  branch);  The  use  of  oxidation  inhibitors  for  the  analysis  of  products  containing 
metallic  phases  in  addition  to  oxides  and  salts  (Gintsvetmet);  "Mtneralogical  (phase)  composition  of  slags  from 
lead  water-jacket  melts"  (Vniitsvetmet)  and  others. 

The  conference  noted;  the  absence  of  a  modern  textbook  on  phase  analysis  (the  book  by  V.  V.  Dolivo- 
Dobrovol'skii  and  Yu.  V.  Klimenko  was  published  in  1947  and  does  not  contain  methods  for  the  analysis  of 
metallurgical  processing  products);  insufficient  training  of  analytical  chemists  in  universities;  the  absence  of 
coordination  of  such  work.  The  insufficient  amount  of  work  published  and  the  delay  in  publishing  papers  were 
also  noted;  the  absence  of  the  requisite  apparatus  was  pointed  out. 

The  conference  pointed  out  the  main  directions  along  which  phase  analysis  should  develop.  We  shall  only 
deal  with  some  of  them;  studies  of  the  composition  of  metallurgical  slags,  matte,  annealing  products,  and  dusts; 
a  comparative  study  of  the  properties,  in  particular, of  the  solubility  of  natural  minerals  and  their  synthetic 
analogs;  the  use  of  oxidation  inhibitors  for  metallic  and  sulfide  phases;  the  development  of  rapid  methods. 
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The  conference  has  placed  before  the  Ministry  of  Higher  and  Secondary  Education  the  question  of  intro¬ 
ducing  into  universities  and  mining— metallurgical  higher  education  institutions,  a  course  on  the  "Theory  and 
Practice  of  Chemical  Phase  (Material)  Analysis". 

The  conference  accepted  a  resolution  to  create  at  the  Gintsvetmet  Institute  a  commission  to  coordinate 
the  work  on  phase  analysis  in  nonferrous  metallurgy;  to  advise  the  State  Planning  Committee  of  the  USSR  to 
expand  the  production  of  the  necessary  apparatus,  and  to  intercede  with  the  Central  Direction  of  Scientific - 
Technical  Society  about  the  publication  of  the  papers  given  at  the  conference,  and  to  organize  zonal  seminars 
for  workers  in  laboratories. 

It  was  decided  to  convene  a  second  branch  conference  in  1962. 
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OBITUARY 


On  May  28,  1959,  the  death  occurred  ,af ter  a  serious 
illness,  of  Sergei  Kuz’mich  Chirkov,  a  doctor  of  chemical 
sciences,  a  professor,  and  the  head  of  the  chair  of  anal¬ 
ytical  chemistry  in  the  Ural  State  University. 

Sergei  Kuz’mich  was  born  on  February  21,  1900  in 
Glazov.  In  1913  he  finished  at  his  first  school,  but  be¬ 
cause  of  financial  reasons,  he  did  not  have  the  chance  to 
study  further  and  worked  as  a  messenger  and  then  as  an 
apprentice  mechanic.  While  working,  Sergei  Kuz’mich 
carried  on  with  his  own  education,  and,  in  1923  he  entered 
Perm  University  where  he  finished  in  1927;  after  this  he 
worked  as  an  assistant  and  then  carried  out  the  duties  of 
a  reader  in  the  Perm  Chemicotechnological  Institute. 

In  1933,  S.  K.  Chirkov  went  to  Sverdlovsk  where  he 
worked  in  the  Ural  Branch  of  the  Academy  of  Sciences  of 
the  USSR  as  a  senior  chemist  and  as  head  of  the  laboratory. 
From  1937  Sergei  Kuz’mich  worked  as  senior  engineer— 
as  a  research  worker  in  a  dichromate  factory  and  from 
1939  he  worked  in  the  Sverdlovsk  Scientific  Research 
Hygiene  Institute  where  he  was  head  of  the  hydrochemical 
and  physicochemical  laboratory,  and  carried  out  the  duties 
of  the  director  of  the  institute.  In  1946,  S.  K.  Chirkov 
defended  his  Doctor’s  thesis,  and  was  confirmed  in  his  post 
as  professor  in  1948. 

Since  1951  S.  K.  Chirkov  has  been  the  head  of  the  chair  of  analytical  chemistry  in  the  Ural  University, 
where  he  worked  to  the  end  of  his  life.  While  working  there  he  devoted  a  great  deal  of  his  energy  to  improving 
teaching,  educational,  and  scientific  research  work.  His  lectures  were  very  popular  with  his  students  and  with 
his  co-workers  in  the  faculty. 

S.  K.  Chirkov  made  great  demands  on  himself,  his  co-workers,  and  his  students.  Under  his  direction  many 
of  his  students  prepared  and  defended  their  candidates’  theses. 

Having  a  broad  scientific  background  and  a  great  capacity  for  work,  Chirkov  was  for  a  long  time  a  scientific 
consultant  to  the  Ural  Geological  Administration,  to  the  chemical  laboratory  of  the  Institute  of  Ferrous  Metals, 
and  other  institutions. 

Sergei  Kuz’mich  Chirkov  was  an  outstanding  Soviet  scientirt.  He  published  72  scientific  papers  and  more 
than  35  papers  in  the  form  of  manuscripts  are  located  in  the  libraries  of  scientific  research  institutions  and  institutes. 
Chirkov  carried  out  a  great  deal  of  work  on  obtaining  salts  from  the  wastes  of  chemical  production,  on  the  study  of 
equilibrium  systems  on  the  crystallization  of  isomorphous  mixtures,  on  questions  of  the  extraction  and  distribution 
of  bromide  and  iodide  in  alkali  halide  systems,  on  glass  technology,  on  the  study  of  the  composition  of  ores,  on 
the  rational  composition  of  chromite  charges,  and  so  forth.  He  published  a  large  amount  of  work  on  analytical 
chemistry  in  the  field  of  titrimetric  methods  of  analysis,  and  on  electrometric,  polarographic,  and  photometric 
methods. 


SERGEI  KUZ’MICH  CHIRKOV 


SERGEI  KUZ’MICH  CHIRKOV 
February  21,  1900  -  May  28,  1959 
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Many  of  the  methods  developed  by  S.  K.  Chirkov  have  been  introduced  into  practice. 

The  memory  of  S.  K.  Chirkov  will  remain  forever  in  the  hearts  of  all  those  who  knew  him. 


The  Commission  on  Analytical  Chemistry  of  the  Academy 
of  Sciences,  USSR 
Ural  State  University 
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NEW  BOOKS 


PUBLICATIONS  OF  THE  ACADEMY  OF  SCIENCES 
OF  THE  USSR  WHICH  ARE  TO  BE  PUBLISHED  IN  1960 


Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15.  No.  2,  pp  255-256 
March -April.  1960 


For  the  information  of  readers  of  this  journal  about  books  which  are  ready  to  be  published,  starting  with 
the  present  issue,  information  will  be  given  about  books  on  chemistry  which  the  Academy  of  Sciences,  USSR 
Press,  intends  to  publish  in  1960,  Other  journals  of  the  Academy  of  Sciences  Press  will  contain  information  on 
books  relating  to  the  subjects  dealt  with  in  those  journals. 

The  list  given  below  can  be  used  for  making  preliminary  orders  for  these  books. 

The  books  should  be  ordered  by  letter  from  the  office  most  convenient  to  the  buyer;  a  list  of  these 
offices  are  given  at  the  end  of  this  list.  When  the  books  have  been  published  they  will  be  sent  out  COD. 

T.  D.  Avtokratova,  Analytical  Chemistry  of  Ruthenium,  V.  I.  Vernadskii  Institute  of  Geochemistry  and 
Analytical  Chemistry,  Academy  of  Sciences,  USSR,  15  sheets,  11  rubles. 

Analysis  of  Gases  and  Metals,  (Trans.  Commission  on  Anal.  Chem.  Vol.  XV,  V.  I.  Vernadskii  Institute  of 
Geochemistry  and  Analytical  Chemistry)  17  sheets,  12  rubles. 

The  collection  contains  articles  on  various  questions  relating  to  the  analysis  of  gases  in  metals;  the 
theoretical  bases  of  analysis,  various  analytical  methods  (vacuum  fusion,  spectrographic,  x-ray  structural,  thermo- 
fractional,  isotopic,  chemical,  etc.)  and  analytical  apparatus. 

G.  V.  Bykov,  The  History  of  the  Classical  Theory  of  Chemical  Structure.  The  Institute  of  the  History  of 
Natural  Sciences  and  Technics,  Academy  of  Sciences.  USSR,  19.5sheets,  15  rubles. 

G.  V.  Bykov,  The  Electronic  Charges  of  Bonds  in  Organic  Compounds.  Chem.  Sciences  Division.  Academy 
of  Sciences.  USSR,  11  sheets,  8  rubles. 

O.  V.  Vershkovskaya,  V.  S.  Krasnova,  and  V.  S.  Saltykova,  Gallium,  Methods  of  Study,  Distribution  in 
Rocks  and  Minerals,  Types  of  Deposits.  Institute  of  Mineralogy,  Geochemistry,  and  Crystallochemistry  of  the 
Rare  Elements,  Academy  of  Sciences,  USSR,  8  sheets,  6  rubles. 

Problems  in  Geochemistry,  Vol.  H,  Trans.  Institute  of  the  Geology  of  Ore  Deposits.  Petrography,  Mineral¬ 
ogy,  and  Geochemistry,  Academy  of  Sciences,  USSR,  No.  46,  8.5  sheets,  6  rubles. 

The  collection  contains  articles  on  the  distribution  of  scandium  in  minerals,  the  distribution  of  molyb¬ 
denum  in  Central  Asian  rocks,  and  formation  of  hydrothermal  solutions  in  rocks. 

Hydrochemical  Materials.  Vol.  31.  Hydrochemical  Institute.  Academy  of  Sciences,  USSR,  15  sheets, 

11  rubles. 

The  collection  is  devoted  to  various  questions  on  the  study  of  atmospheric,  surface,  underground,  and 
mineral  waters,  and  also  to  the  chemical  analysis  of  natural  waters. 

M.  G.  Gonikberg,  Chemical  Equilibrium  and  Reaction  Rates  at  High  Pressures.  Institute  of  Organic 
Chemistry,  Academy  of  Sciences,  14  sheets,  10  rubles. 
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N.  V.  Grum-Grzhimailo,  Chemical  Bonds  in  Metal  Alloys  7.fi  sheets,  5  rubles  50  kopecks. 

Dislocation  in  Crystals.  Bibliographical  Index  .  11  sheets,  6  rubles 

The  index  contains  references  to  monographs,  collections,  reviews,  and  articles  on  this  subject  published 
in  the  jjeriod  1934-1958. 

V  Ya.  Eremenko,  Spectrographic  Determination  of  Microelements  in  Natural  Waters.  Hydrochemical 
Institute,  Academy  of  Sciences,  USSR,  5  sheets,  3  rubles  50  kopecks. 

G  S.  Kolesnikov,  Synthesis  of  Vinyl  Derivatives  of  Aromatic  and  Heterocyclic  Compounds.  Institute  of 
Heteroorganic  Compounds,  Academy  of  Sciences,  USSR,  23  sheets,  18  rubles. 

V.  E  Levenson,  Geological  Bituminology  and  Its  Problems,  Vol.  I,  Institute  of  Geology  and  Development 
of  Fuels,  Academy  of  Sciences,  USSR,  17  sheets,  12  rubles. 

N.  P.  Lisovskaya  and  N.  B.  Livanova,  Chemistry  and  Metabolism  of  Phosphoproteins.  A.  N.  Bakh  Institute 
of  Biochemistry,  Academy  of  Sciences,  USSR,  6  sheets,  4  rubles  50  kopecks. 

S.  V.  L’vov,  Some  Questions  in  the  Fractionation  of  Binary  and  Multicomponent  Mixtures.  Scientific- 
Technical  Council  on  the  Chemical  Treatment  of  Petroleum  Hydrocarbons,  Academy  of  Sciences,  USSR,  10 
sheets,  7  rubles. 

L.  S.  Mayants,  Theory  and  Calculations  of  Molecular  Vibrations,  Institute  of  Heteroorganic  Compounds, 
Academy  of  Sciences,  USSR,  30  sheets,  23  rubles. 

Methods  for  the  Determination  of  Impurities  in  Pure  Metals.  Trans.  Commission  on  Analytical  Chemistry. 
Vol.  XII.  V.  I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry,  Academy  of  Sciences,  USSR,  27 
sheets,  21  rubles. 

V.  I.  Mikheeva,  The  Hydrides  of  the  Transitional  Elements.  N.  S.  Kurnakov  Institute  of  General  and 
Inorganic  Chemistry,  Academy  of  Sciences,  USSR,  13  sheets,  9  rubles. 

Organic  Reagents  in  Analytical  Chemistry.  Trans.  Commission  on  Analytical  Chemistry.  Vol.  XIV 
V.  I  Vernadskii  Institute  of  Geology  and  Analytical  Chemistry,  Academy  of  Sciences,  USSR,  25  sheets,  19 
rubles. 

The  articles  in  this  collection  consider  the  relation  between  the  structure  of  organic  reagents  and  their 
analytical  action,  methods  for  the  determination  of  individual  elements  are  described,  and  the  application  of 
organic  reagents  is  discussed  in  detail. 

K.  A.  Osipov,  Questions  in  the  Theory  of  the  Thermal  Stability  of  Metals  and  Alloys  A.  A.  Baikov 
Institute  of  Metallurgy,  Academy  of  Sciences,  18  sheets,  13  rubles. 

F-  M.  Perel'man,  Rubidium  and  Cesium.  N.  S.  Kurnakov  Institute  of  General  and  Inorganic  Chemistry, 
Academy  of  Sciences,  USSR,  10  sheets,  7  rubles. 

Underground  Treatment  of  Fuel.  Trans.  Institute  of  Fuel.  Academy  of  Sciences,  USSR,  Vol,  Xni,  15  sheets, 
11  rubles. 

The  following  questions  are  discussed  in  this  volume:  the  interaction  of  coal  with  carbon  oxides,  with 
hydrogen  and  with  steam;  underground  gasification  of  coal  and  shale  in  canals  using  a  steam-oxygen  blast; 
gasification  under  high  pressure;  conditions  for  the  igneous  filtration  cross  sectioning  of  wells, etc. 

E,  V.  Posokhov,  Essays  on  the  Hydrochemistry  of  Underground  Water  in  the  Central  Zones  of  Kazakhstan, 
Hydrochemical  Institute  of  the  USSR,  12  sheets,  9  rubles. 

E.  A.  Robinzon,  Tatarskii  ASSR  Petroleum.  Institute  of  Petroleum  Chemical  Synthesis.  A.  E.  Arbuzov 
Chemical  Institute,  Academy  of  Sciences,  USSR,  16  sheets,  11  rubles  20  kopecks. 

N.  M.  Rodigina  and  E.  N.  Rodigina,  Successive  Chemical  Reactions  (mathematical  analysis  and  calcula¬ 
tions).  Institute  of  Metal  Physics,  Academy  of  Sciences,  USSR,  6  sheets,  4  rubles  50  kopecks. 
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Yu.  I.  Solov’ev,  and  O.  E.  Zvyagintsev,  Nikolai  Semenovich  Kurnakov,  His  Life  and  Work.  N.  S.  Kurnakov 
Institute  of  General  and  Inorganic  Chemistry,  Academy  of  Sciences,  USSR,  15  sheets,  11  rubles. 

Thallium.  (Basic  Features  of  its  Geochemistry,  Mineralogy,  Genetic  Types  of  Deposits  and  Geochemical 
Provinces).  Institute  of  Mineralogy,  Geochemistry,  and  Crystallochemistry  of  the  Rare  Elements,  Academy  of 
Sciences,  USSR,  10  sheets,  7  rubles. 

Trans.  Institute  of  the  History  of  Natural  Sciences  and  Technics,  Academy  of  Sciences,  USSR,  Vol.  30, 

20  sheets,  14  rubles.  The  collection  includes  discussions  on  the  development  of  the  various  branches  of  organic 
chemistry,  the  history  of  the  detection  of  niobium  and  tantalum,  development  of  the  theory  of  solutions,  the 
study  of  the  fixation  of  atmospheric  nitrogen,  the  life  and  scientific  and  social  work  of  outstanding  scientists- 
chemists. 

Trans.  Institute  of  Oceanology,  Academy  of  Sciences,  USSR,  Vol.  42.  Problems  in  the  Chemistry  of  the 
Sea.  18  sheets,  13  rubles. 

The  book  is  a  collection  of  papers  on  various  questions  in  the  chemistry  of  the  Okhotskii,  White  and  Black 

Seas. 

Trans.  Marine  Hydrophysical  Institute,  Academy  of  Sciences,  USSR,  Vol.  XIX.  Chemistry  of  the  Sea. 
Hydrology.  Geology  of  the  Sea.  10  sheets,  7  rubles. 

The  collection  contains  papers  on  the  questions  of  the  chemistry  of  the  sea,  hydrology,  and  geology  of 
die  sea;  results  of  the  determination  of  organic  carbon  in  the  water  of  the  North  Eastern  Atlantic  are  given. 

R.  B.  Khesin-Lur’e,  The  Biochemistry  of  Cytoplasm.  Institute  of  Biophysics,  Academy  of  Sciences,  USSR, 
20  sheets,  14  rubles. 

The  Chemistry  and  Technology  of  Fuel.  Trans.  Institute  of  Fuel,  Academy  of  Sciences,  USSR,  Vol.  XII, 
22.5  sheets,  17  rubles. 

The  collection  includes  results  of  the  study  of  the  properties  of  coal  during  oxidation;  achievements  in 
the  technology  of  coke  making,  in  the  use  of  liquid  and  gaseous  fuels  are  included;  underground  gasification 
of  fuel  is  considered. 

Chemistry  of  the  Rare  Elements.  Bibliographic  Index  of  Russian  and  Foreign  Literature.  No.  1.  Section 
of  Special  Libraries, Network  and  Chemical  Sciences  Section  of  the  Academy  of  Sciences,  USSR,  54  sheets, 

29  rubles. 

Chromatography,  Theory  and  Application.  No.  2.  Institute  of  Physical  Chemistry,  Academy  of  Sciences, 
USSR,  10  sheets,  7  rubles. 

A  collection  of  papers  on  various  questions  in  ion  exchange,  complex  formation,  molecular,  partition, 
and  gas  chromatography. 

A.  I.  Shatenshtein,  Isotopic  Exchange  and  the  Substitution  of  Hydrogen  in  Organic  Compounds.  Chemical 
Sciences  Division,  Academy  of  Sciences,  USSR,  22  sheets,  17  rubles. 

V.  Ya.  Shtern,  Mechanism  of  the  Oxidation  of  Hydrocarbons  in  the  Gaseous  Phase.  Institute  of  Petroleum- 
chemical  Synthesis,  Academy  of  Sciences,  USSR,  40  sheets,  30  rubles. 

All  orders  for  these  books  should  be  sent  to  the  following  address: 

Moskva,  Tsentr.  B.  Cherkasskii  Per.,  2/10 
Kontora  "Akademkniga",  Otdel  ’’Kniga-Pochtoi’’ 
or  to  the  nearest  •Akademkniga"  book  shop. 

Addresses  of  "Akademkniga"  book  shops. 

Moskva,  ul.  Gor'kova,  6  (magazin  No.  1);  Moskva,  1-i  Akademicheskii 
Proezd,  55/5  (magazin  No.  2);  Leningrad,  Liteinyi  Prospekt,  57; 

Sverdlovsk,  ul.  Bellnskovo,  71 -v;  Kiev,  ul.  Lenina,  42;  Khar'kov, 

Goryainovskii  per.,  4/5;  Alma-Ata, ul. Furmanova,  129;  Tashkent, 
ul.  Karla  Marksa;  Baku,  ul.  Dzhaparidze,  13. 

"Akademkniga" 
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INTERNATIONAL  UNION  OF  PURE  AND  APPLIED  CHEMISTRY 
ANALYTICAL  CHEMISTRY  DIVISION 


At  the  Twentieth  Conference  of  the  Union  of  Pure  and  Applied  Chemistry  (Munich,  August,  1959)  the 
Committee  of  the  Analytical  Chemistry  Division  discussed  some  questions  relating  to  terminology  about  which 
there  is  some  confusion  in  the  chemical  literature. 

As  a  result,  the  following  recommendations  were  made: 

1.  Designations  of  Indicator  in  Titrimetric  Analysis 

A  large  number  of  dyes  have  been  suggested  as  indicators  in  chelatometric  and  oxidation— reduction  titra¬ 
tions,  but  a  large  number  of  trade  names  have  been  assigned  to  the  same  compounds.  Instances  have  cropped  up 
where  a  compound  is  recommended  as  a  new  indicator  merely  because  it  has  another  name,  while  in  fact  this 
compound  had  already  been  in  use  for  many  years. 

In  order  to  avoid  further  confusion  and  difficulties  in  writing  edited  articles,  the  Committee  recommends 
the  following:  when  a  dye  is  used  as  an  indicator,,  whatever  the  type  of  titration,  particularly  when  the  dye  is 
recommended  as  a  new  one,  in  addition  to  the  trade  name  of  the  dye,  its  British  Color  Index,  or  its  number  in 
the  Shulz  Table*  should  be  given. 

2.  Terminology  of  Complexing  Reagents 

Because  of  the  confusion  which  exists  in  the  terminology  of  complexing  agents  used  as  standard  solutions, 
the  Committee  recommends  adoption  of  the  following  terms: 

a)  The  group  of  polyamino -polycarboxylic  acids  which  form  anionic  complexes,  should  be  called  "com- 
plexanes*. 

b)  Titration  methods  which  involve  the  use  of  solutions  of  complexing  agents  of  any  type  should  be  called 
"complexometric  titration". 

c)  Complexometric  titrations  which  are  carried  out  with  solutions  of  chelate-forming  reagents  should  be 
called  "chelatometric  titration".  The  latter  is  one  of  the  forms  of  complexometric  titration. 


•  The  Commission  on  Analytical  Chemistry  has  asked  the  Institute  of  Scientific-Technical  Information,  Academy 
of  Sciences,  USSR  to  issue  photostat  copies  of  the  British  Color  Index. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FUN 

Phys.  Inst.  Acad.  Sci.  USSR. 

GDI 

Water  Power  Inst. 

GITI 

State  Sci.-Tech.  Press 

GITTL 

State  Tech,  and  Theot.  Lit.  Press 

GONTI 

State  United  Sci.-Tech.  Press 

Gosenergoizdat 

State  Power  Press 

Goskhimizdat 

State  Chem.  Press 

GOST 

All-Union  State  Standard 

GTTl 

State  Tech,  and  Theor.  Lit.  Preis 

IL 

Foreign  Lit.  Press 

ISN  (Izd.  Sov»  Nauk) 

Soviet  Science  Press 

Izd.  AN  SSSR 

Acad.  Sci.  USSR  Press 

Izd.  MGU 

Moscow  State  Univ.  Press 

LEUZhT 

Leningrad  Power  Inst,  of  Railroad  Engineering 

LET 

Leningrad  Elec.  Engr.  School 

LETI 

Leningrad  Electrotechnical  Inst. 

LETllZhT 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

Mashgiz 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

MEP 

Ministry  of  Electrical  Industry 

MES 

Ministry  of  Electrical  Power  Plants 

MESEP 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 

MGU 

Moscow  State  Univ. 

MKhTI 

Moscow  Inst.  Chem.  Tech. 

MOPI 

Moscow  Regional  Pedagogical  Inst. 

MSP 

Ministry  of  Industrial  Construction 

NH  ZVUKSZAPIOI 

Scientific  Research  Inst,  of  Sound  Recording 

NIKR 

Sci.  Inst,  of  Modem  Motion  Picture  Photography 

ONTI 

United  Sci.-Tech.  Press 

OTI 

Division  of  Technical  Information 

OTN 

Div.  Tech.  Sci. 

Stroiizdat 

Constmction  Press 

TOE 

Association  of  Power  Engineers 

TsKTI 

Central  Research  Inst,  for  Boilers  and  Turbines 

TsNIEL 

Central  Scientific  Research  Elec.  Engr.  Lab. 

TsNIEL-MES 

Central  Scientific  Research  Elec.  Engr.  Lab  .-Ministry  of  Electric  Power  Plants 

TsVTI 

Central  Office  of  Economic  Information 

UF 

Ural  Branch 

VIESKh 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 

VNHM 

All-Union  Scientific  Research  Inst,  of  Meteorology 

VNIlZhDT 

All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 

VTl 

All-Union  Thermotech.  Inst. 

VZEl 

All-Union  Power  Correspondence  Inst. 

Note :  Abbieviaticmi  not  on  diis  list  and  not  explained  in  the  tcanslation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  —  Publisher. 
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